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(57) Abstract 

The present invention relates to a method for the rapid and reliable detection of drug-selected mutations in the HIV protease gene 
allowing the simultaneous characterization of a range of codons involved in drug resistance using specific sets of probes optimized to function 
together in a reverse-hybridization assay. More particularly, the present invention relates to a method for determining the susceptibility to 
antiviral drugs of HIV viruses in a biological sample, with said method comprising: a) if need be, releasing, isolating or concentrating the 
polynucleic acids present in the sample; b) if need be amplifying the relevant part of the protease gene of HIV with at least one suitable 
primer pair, c) hybrydizing the polynucleic acids of step a) or b) with at least one of the following probes: probes specifically hybridizing 
to a target sequence comprising codon 30; probes specifically hybridizing to a target sequence comprising codon 46 and/or 48; probes 
specifically hybridizing to a target sequence comprising codon 50; probes specifically hybridizing to a target sequence comprising codon 
54; probes specifically hybridizing to a target sequence comprising codon 82 and/or 84; probes specifically hybridizing to a target sequence 
comprising codon 90; or the complement of said probes ; further characterized in that said probes specifically hybridize to any of the target 
sequences presented in figure (1), or the complement of said target sequerices; d) inferring from the result of step c) whether or not a 
mutation giving rise to drug resistance is present in any of said target sequences. 
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METHOD FOR DETECTION OF DRUG-SELECTED MUTATIONS 
IN THE HIV PROTEASE GENE 

1 . FIELD OF THE INVENTION 



The present invention relates to the field of HIV diagnosis. More particularly, the present 
invention relates to the field of diagnosing the susceptibility of an HIV sample to antiviral drugs used 
to treat HIV infection. 

1 0 The present invention relates to a method for the rapid and reliable detection of drug-selected 

mutations in the HIV protease gene allowing the simultaneous characterization of a range of codons 
involved in drug resistance using specific sets of probes optimized to function together in a reverse- 
hybridization assay. 

15 

2. BACKGROUND OF THE INVENTION 



The human immunodeficiency virus (HIV) is the ethiological agent for the acquired 
immunodeficiency syndrome (AIDS). HIV, like other retroviruses, encodes an aspartic protease that 

20 mediates the maturation of the newly produced viral particle by cleaving viral polypeptides into their 
functional forms (Hunter et al). The HIV protease is a dimeric molecule consisting of two identical 
subunits each contributing a catalytic aspartic residue (Navia et al, Whodawer et al, Meek et al). 
Inhibition of this enzyme gives rise to noninfectious viral particles that cannot establish new cycles of 
viral replication (Kohl et al, Peng et al). 

25 Attempts to develop inhibitors of HIV- 1 protease were initially based on designing peptide 

compounds that mimicked the natural substrate. The availability of the 3-dimensional structure of the 
enzyme have more recently allowed the rational design of protease inhibitors (PI) using computer 
modeling (Huff et al, Whodawer et al). A number of second generation PI that are partially peptidic or 
entirely nonpeptidic have proven to exhibit particularly potent antiviral effects in cell culture. 

30 Combinations of various protease inhibitors with nucleoside and non-nucleoside RT inhibitors have also 
been studied extensively in vitro. In every instance, the combinations have been at least additive and 
usually synergistic. 

In spite of the antiviral potency of many recently developed HIV-1 PI, the emergence of virus 
variants with decreased sensitivity to these compounds has been described both in cell culture and in 
35 treated patients thereby escaping the inhibitory effect of the antiviral (Condra et al). Emergence of 
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3. AIMS OF THE INVENTION 

It is an aim of the present invention to develop a rapid and reliable detection method for 
5 determination of the antiviral drug resistance of viruses, which contain protease genes such as HIV 
retroviruses present in a biological sample. 

More particularly it is an aim of the present invention to provide a genotyping assay allowing 
the detection of the different HTV protease gene wild type and mutation codons involved in the antiviral 
resistance in one single experiment. 
1 0 It is also an aim of the present invention to provide an HTV protease genotyping assay or method 

which allows to infer the nucleotide sequence at codons of interest and/or the amino acids at the codons 
of interest and/or the antiviral drug selected spectrum, and possibly also infer the HIV type or subtype 
isolate involved. 

Even more particularly it is an aim of the present invention to provide a genotyping assay 
15 allowing the detection of the different HIV protease gene polymorphisms representing wild-type and 
mutation codons in one single experimental setup. 

It is another aim of the present invention to select particular probes able to discriminate wild- 
type HIV protease sequences from mutated or polymorphic HTV protease sequences conferring resistance 
to one or more antiviral drugs, such as ritonavir (A-75925; ABT-538), nelfmavir (AG-1343), indinavir 
20 (MK-639; L735; L524), saquinavir (Ro 31-8959) and VX-478 (141W94) or others (Shinazi et at). 

It is more particularly an aim of the present invention to select particular probes able to 
discriminate wild-type HIV protease sequences from mutated or polymorphic HIV protease sequences 
conferring resistance to ritonavir (A-75925; ABT-538). 

It is more particularly an aim of the present invention to select particular probes able to 
25 discriminate wild-type HIV protease sequences from mutated HTV protease sequences conferring 
resistance to nelfinavir (AG- 1 343). 

It is more particularly an aim of the present invention to select particular probes able to 
discriminate wild-type HIV protease sequences from mutated HIV protease sequences conferring 
resistance to indinavir (MK-639; L735; L524). 
30 It is more particularly an aim of the present invention to select particular probes able to 

discriminate wild-type HIV protease sequences from mutated HIV protease sequences conferring 
resistance to saquinavir (Ro 3 1 -8959). 

It is more particularly an aim of the present invention to select particular probes able to 
discriminate wild-type HIV protease sequences from mutated HIV protease sequences conferring 
35 resistance to VX-478 (141 W94). 

It is also an aim of the present invention to select particular probes able to determine and/or infer 
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4. DETAILED DESCRIPTION OF THE INVENTION. 
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probes specifically hybridizing to a target sequence comprising codon 54; 
probes specifically hybridizing to a target sequence comprising codon 82 and/or 84; 
probes specifically hybridizing to a target sequence comprising codon 90; 
or the complement of said probes. 
5 further characterized in that said probes specifically hybridize to any of the target 

sequences presented in figure 1 , or to the complement of said target sequences: 
d) inferring from the result of step c) whether or not a mutation giving rise to drug resistance is 
present in any of said target sequences. 
The numbering of HIV- 1 protease gene encoded amino acids is as generally accepted in literature. 
1 0 Mutations that give rise to an amino acid change at position 48 or 90 are known to confer resistance to 
saquinavir (Erlebe et al; Tisdale et al). An amino acid change at codon 46 or 54 or 82 or 84 results in 
ritonavir and indinavir resistance (Kempf et al; Emini et al; Condra et al). Amino acid changes at 
positions 30 and 46 confer resistance to nelfinavir (Patick et al) ancj amino acid changes at position 50 
confers resistance to VX-487 (Rao et al). Therefore, the method described above allows to determine 
1 5 whether a HIV strain is susceptible or resistant to any of the drugs mentioned above. This method can 
be used, for instance, to screen for mutations conferring resistance to any of the mentioned drugs before 
initiating therapy. This method may also be used to screen for mutations that may arise during the course 
of therapy (i.e. monitoring of drug therapy). It is obvious that this method may also be used to determine 
resistance to drugs other than the above-mentioned drugs, provided that resistance to these other drugs 
20 is linked to mutations that can be detected by use of this method. This method may also be used for the 
specific detection of polymorphic nucleotides. It is to be understood that the said probes may only partly 
overlap with the targets sequences of figure 1, table 2 and table 3, as long as they allow for specific 
detection of the relevant polymorphic nucleotides as indicated above. The sequences of figure 1, table 
2 and table 3 were derived from polynucleic acid fragments comprising the protease gene. These 
25 fragments were obtained by PCR amplification and were inserted into a cloning vector and sequence 
analyzed as described in example 1 . It is to be noted that some polynucleic acid fragments comprised 
polymorphic nucleotides in their sequences, which have not been previously disclosed. These novel 
polymorphic nucleotide sequences are represented in table 4 below. 

30 TABLE 4: Polymorphic nucleotide sequences. 



51 


52 


53 


54 


55 


56 


57 


58 


codon position 


gga 


ggt 


ttt 


ate 


aaa 


gta 


aga 


cag 


consensus sequence 


GGA 


GGT 


TTT 


ATC 


AAA 


GTC 


AGA 


CAA 


SEQ ID NO 478 


GGA 


GGT 


TTC 


ATT 


AAG 


GTA 


AAA 


CAG 


SEQ ID NO 479 


GGA 


GGT 


TTT 


ATT 


AAG 


GTA 


AGA 


CAG 


SEQ ID NO 480 
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GGA GGT TTT ATT AAA GTA AGA CAA SEQ ID NO 481 

GGA GGC TTT ATC AAA GTA AGA CAA SEQ ID NO 482 

GGA GGT TTT ATC AAA GTC AGA CAA SEQ ID NO 483 

78 79 80 81 82 83 84 85 

" 84 85 codon position 

»• cct aca cot gtc aac ata att gg consensus sequence 

GGA CCT ACA CCG GTC AAC ATA ATT GG SEQ ID NO 484 

GGA CCT ACA CCT GCC AAT ATA ATT GG SEQ ID NO 485 

GGA CCT ACG CCC TTC AAC ATA ATT GG SEQ ID NO 486 

GGA CCG ACA CCT GTC ACC ATA ATT GG SEQ ID NO 487 

GGA CCT ATA CCT GTC AAC ATA ATT GG SEQ ID NO 488 



87 88 89 90 91 92 93 94 
a aga aat ctg ttg act cag att ggc 

A AAA AAT CTG ATG ACT CAG ATT GGC 
A AGA ACT CTG TTG ACT CAG CTT GGA 
A AGA AAT ATG ATG ACC CAG CTT GGC 
A AGA AAT ATA ATG ACT CAG CTT GGA 
A AGA AAT CTG CTG ACT CAG ATT GGG 
A AGA AAT CTG TTG ACA CAG CTT GGC 
A AGA AAT ATG TTG ACT CAG CTT GGT 
A AGA AAT TTG TTG ACT CAG ATT GGG 
A AGA AAT ATG TTG ACT CAG CTT GGT 
A AGA AAT ATG TTG ACT CAG CTT GGA 
A AGA AAT CTG TTG ACT CAG CTT GGA 
A AGA AAC CTG TTG ACT CAA CTT GGT 



codon position 
consensus sequence 

SEQ ID NO 489 
SEQ ID NO 4 90 
SEQ ID NO 491 
SEQ ID NO 492 
SEQ ID NO 493 
SEQ ID NO 494 
SEQ ID NO 4 95 
SEQ ID NO 496 
SEQ ID NO 497 
SEQ ID NO 498 
SEQ ID NO 499 
SEQ ID NO 500 
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polymorphic nucleotides may also be expected to arise in another sequence context than in the mentioned 
sequences. For instance a G at the third position of codon 55 is shown in SEQ ID N° 478 in 
combination with a T at the third position of codon 54, but a G at the third position of codon 55 may also 
be expected to occur in the context of a wild type sequence. It is also to be understood that the above 
5 mentioned specifications apply to the complement of the said target sequences as well. This applies also 
to Figure 1. 

According to a preferred embodiment the present invention relates to a method as indicated 
above, further characterized in that said probes are capable of simultaneously hybridizing to their 
respective target regions under appropriate hybridization and wash conditions allowing the detection of 
10 the hybrids formed. 

According to a preferred embodiment, step c is performed using a set of at least 2, preferably at 
least 3, more preferably at least 4 and most preferably at least 5 probes meticulously designed as such 
that they show the desired hybridization results. In general this method may be used for any purpose that 
relies on the presence or absence of mutations that can be detected by this method, e.g. for genotyping. 
15 The probes of table 1 have been optimized to give specific hybridization results when used in a LiPA 
assay (see below), as described in examples 2 and 3. These probes have thus also been optimized to 
simultaneously hybridize to their respective target regions under the same hybridization and wash 
conditions allowing the detection of hybrids. The sets of probes for each of the codons 30, 46/48, 50, 
54 and 82/84 have been tested experimentally as described in examples 2 and 3. The reactivity of the 
20 sets shown in table 1 with 856 serum samples from various geographic origins was evaluated. It was 
found that the sets of probes for codons 30, 46/48, 50, 54 and 82/84 reacted with 98.9%, 99.6%, 98.5%, 
99.2%, 95.4% and 97.2% of the test samples, respectively. The present invention thus also relates to the 
sets of probes for codons 30, 46/48, 50, 54, 82/84 and 90, shown in table 1 and table 7. 

According to another even more preferred embodiment, the present invention relates to a method 
25 as defined above, further characterized in that: 

step b) comprises amplifying a fragment of the protease gene with at least one S'-primer 
specifically hybridizing to a target sequence located between nucleotide position 210 and 
nucleotide position 260 (codon 87), more preferably between nucleotide position 220 and 
nucleotide position 260 (codon 87), more preferably between nucleotide position 230 and 
30 nucleotide position 260 (codon 87), even more preferably at nucleotide position 241 to 
nucleotide position 260 (codon 87) in combination with at least one suitable 3- 
primer, and 

step c) comprises hybridizing the polynucleic acids of step a) or b) with at least one of the probes 
specifically hybridizing to a target sequence comprising codon 90. 
35 According to another even more preferred embodiment, the present invention relates to a method 

as defined above, further characterized in that: r 
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assay uses oligonucleotide probes immobilized as parallel lines on a solid support strip (Stuyver et al., 
1993). It is to be understood that any other technique based on the above-mentioned methods is also 
covered by the present invention. 

According to another preferred embodiment, the present invention relates to any of the probes 
mentioned above and/or to any of the primers mentioned above, with said primers and probes being 
designed for use in a method for determining the susceptibility to antiviral drugs of HIV viruses in a 
sample. According to an even more preferred embodiment, the present invention relates to the probes 
with seq id no 7 to seq id no 477 and seq id no510 to seq id no 519, more preferably to the seq id no 
mentioned in Table 1 and Table 7, and to the primers with seq id no 3, 4, 5 and 6, 501, 502, 503, 504, 
505, 506, 507, 508 and 509. The skilled man will recognize that addition or deletion of one or more 
nucleotides at their extremities may adapt the said probes and primers. Such adaptations may be required 
if the conditions of amplification or hybridization are changed, or if the amplified material is RNA 
instead of DNA, as is the case in the NASBA system. 

According to another preferred embodiment, the present invention relates to a diagnostic kit 
enabling a method for determining the susceptibility to antiviral drugs of HIV viruses in a biological 
sample, with said kit comprising: 

a) when appropriate, a means for releasing, isolating or concentrating the polynucleic acids present 
in said sample; 

b) when appropriate, at least one of the primers of any of claims 4 to 6; 

c) at least one of the probes of any of claims 1 to 3, possibly fixed to a solid support; 

d) a hybridization buffer, or components necessary for producing said buffer; 

e) a wash solution, or components necessary for producing said solution; 

f) when appropriate, a means for detecting the hybrids resulting from the preceding hybridization; 
h) when appropriate, a means for attaching said probe to a solid support. 

DEFINITIONS 

The following definitions serve to illustrate the terms and expressions used in the present invention. 

The term "antiviral drugs" refers particularly to any antiviral protease inhibitor. Examples of 
such antiviral drugs and the mutation they may cause in the HIV protease gene are disclosed in Schinazi 
et al., 1997. The contents of the latter two documents particularly are to be considered as forming part 
of the present invention. The most important antiviral drugs focussed at in the present invention are 
disclosed in Tables 1 to 2. 

The target material in the samples to be analyzed may either be DNA or RNA, e.g.: genomic 
DNA, messenger RNA, viral RNA or amplified versions thereof. These molecules are also termed 
polynucleic acids. 

It is possible to use genomic DNA or RNA molecules from HIV samples in the methods 
according to the present invention. 
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18, 19, 20, 21, 22, 23, 24 or 25 nucleotides. The nucleotides as used in the present invention may be 
ribonucleotides, deoxyribonucleotides and modified nucleotides such as inosine or nucleotides containing 
modified groups, which do not essentially alter their hybridization characteristics. 

Probe sequences are represented throughout the specification as single stranded DNA 
5 oligonucleotides from the 5' to the 3 1 end. It is obvious to the man skilled in the art that any of the below- 
specified probes can be used as such, or in their complementary form, or in their RNA form (wherein 
U replaces T). 

The probes according to the invention can be prepared by cloning of recombinant plasmids 
containing inserts including the corresponding nucleotide sequences, if need be by cleaving the latter out 
1 0 from the cloned plasmids upon using the adequate nucleases and recovering them, e.g. by fractionation 
according to molecular weight. The probes according to the present invention can also be synthesized 
chemically, for instance by the conventional phospho-triester method. 

The term "solid support" can refer to any substrate to which an oligonucleotide probe can be 
coupled, provided that it retains its hybridization characteristics and provided that the background level 
15 of hybridization remains low. Usually the solid substrate will be a microtiter plate, a membrane (e.g. 
nylon or nitrocellulose) or a microsphere (bead) or a chip. Prior to application to the membrane or 
fixation it may be convenient to modify the nucleic acid probe in order to facilitate fixation or improve 
the hybridization efficiency. Such modifications may encompass homopolymer tailing, coupling with 
different reactive groups such as aliphatic groups, NH 2 groups, SH groups, carboxylic groups, or 
20 coupling with biotin, haptens or proteins. 

The term "labeled" refers to the use of labeled nucleic acids. Labeling may be carried out by the 
use of labeled nucleotides incorporated during the polymerase step of the amplification such as illustrated 
by Saiki et al. (1988) or Bej et al. (1990) or labeled primers, or by any other method known to the person 
skilled in the art. The nature of the label may be isotopic ( 32 P, 35 S, etc.) or non-isotopic (biotin, 
25 digoxigenin, etc.). 

The term "primer" refers to a single stranded oligonucleotide sequence capable of acting as a 
point of initiation for synthesis of a primer extension product, which is complementary to the nucleic 
acid strand to be copied. The length and the sequence of the primer must be such that they allow to prime 
the synthesis of the extension products. Preferably the primer is about 5-50 nucleotides long. Specific 
30 length and sequence will depend on the complexity of the required DNA or RNA targets, as well as on 
the conditions of primer use such as temperature and ionic strength. 

The term "primer pair" refers to a set of primers comprising at least one 5' primer and one 3' 
primer. The primer pair may consist of more than two primers, the complexity of the number of primers 
will depend on the hybridization conditions, variability of the sequences in the regions to be amplified 
35 and the target sequences to be detected. 

The fact that amplification primers do not have to match exactly with the corresponding template 
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hybrids with G;C base pairs, and by designing the probe with an appropriate Tm. The beginning and end 
points of the probe should be chosen so that the length and %GC result in a Tm about 2-10°C higher than 
the temperature at which the final assay will be performed. The base composition of the probe is 
significant because G-C base pairs exhibit greater thermal stability as compared to A-T base pairs due 
5 to additional hydrogen bonding. Thus, hybridization involving complementary nucleic acids of higher 
G-C content will be stable at higher temperatures. 

Conditions such as ionic strength and incubation temperature under which a probe will be used 
should also be taken into account when designing a probe. It is known that hybridization will increase 
as the ionic strength of the reaction mixture increases, and that the thermal stability of the hybrids will 

1 0 increase with increasing ionic strength. On the other hand, chemical reagents, such as formamide, urea, 
DMSO and alcohols, which disrupt hydrogen bonds, will increase the stringency of hybridization. 
Destabilization of the hydrogen bonds by such reagents can greatly reduce the Tm. In general, optimal 
hybridization for synthetic oligonucleotide probes of about 10-50 bases in length occurs approximately 
5°C below the melting temperature for a given duplex. Incubation at temperatures below the optimum 

1 5 may allow mismatched base sequences to hybridize and can therefore result in reduced specificity. 

It is desirable to have probes, which hybridize only under conditions of high stringency. Under 
high stringency conditions only highly complementary nucleic acid hybrids will form; hybrids without 
a sufficient degree of complementarity will not form. Accordingly, the stringency of the assay conditions 
determines the amount of complementarity needed between two nucleic acid strands forming a hybrid. 

20 The degree of stringency is chosen such as to maximize the difference in stability between the hybrid 
formed with the target and the nontarget nucleic acid. In the present case, single base pair changes need 
to be detected, which requires conditions of very high stringency. 

The length of the target nucleic acid sequence and, accordingly, the length of the probe sequence 
can also be important. In some cases, there may be several sequences from a particular region, varying 

25 in location and length, which will yield probes with the desired hybridization characteristics. In other 
cases, one sequence may be significantly better than another that differs merely by a single base. While 
it is possible for nucleic acids that are not perfectly complementary to hybridize, the longest stretch of 
perfectly complementary base sequence will normally primarily determine hybrid stability. WTiile 
oligonucleotide probes of different lengths and base composition may be used, preferred oligonucleotide 

30 probes of this invention are between about 5 to 50 (more particularly 10-25) bases in length and have a 
sufficient stretch in the sequence which is perfectly complementary to the target nucleic acid sequence. 

Regions in the target DNA or RNA, which are known to form strong internal structures 
inhibitory to hybridization, are less preferred. Likewise, probes with extensive self-complementarity 
should be avoided. As explained above, hybridization is the association of two single strands of 

35 complementary nucleic acids to form a hydrogen bonded double strand. It is implicit that if one of the 
two strands is wholly or partially involved in a hybrid that it will be less able to participate in formation 
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of a new hybrid. There can be intramolecular and intermodular hybrids formed within the molecules 
of one type of probe if there is sufficient self complementarity. Such structures can be avoided through 
careful probe design. By designing a probe so that a substantial portion of the sequence of interest is 
single stranded, the rate and extent of hybridization may be greatly increased. Computer programs are 
available to search for this type of interaction. However, in certain instances, it may not be possible to 
avoid this type of interaction. 

Standard hybridization and wash conditions are disclosed in the Materials & Methods section 
of the Examples. Other conditions are for instance 3X SSC (Sodium Saline Citrate), 20% deionized FA 
(Formamide) at 50°C. 

Other solutions (SSPE (Sodium saline phosphate EDTA), TMAC1 (Tetramethyl ammonium 
Chloride), etc.) and temperatures can also be used provided that the specificity and sensitivity of the 
probes is maintained. If need be, slight modifications of the probes in length or in sequence have to be 
carried out to maintain the specificity and sensitivity required under the given circumstances. 

Primers may be labeled with a label of choice (e.g. biotin). Different primer-based target 
amplification systems may be used, and preferably PCR-amplification, as set out in the examples. Single- 
round or nested PCR may be used 

The term "hybridization buffer" means a buffer enabling a hybridization reaction to occur 
between the probes and the polynucleic acids present in the sample, or the amplified products, under the 
appropriate stringency conditions. 

The term "wash solution" means a solution enabling washing of the hybrids formed under the 
appropriate stringency conditions. 

The following examples only serve to illustrate the present invention. These examples are in no way 
intended to limit the scope of the present invention. 

25 FIGURE AND TABLE LEGENDS 

Figure 1 : Natural and drug selected variability in the vicinity of codons 30, 46, 48, 50, 54, 82, 
84, and 90 of the fflV-1 protease gene. The most frequently observed wild-typ'e sequence' is shown in 
the top line. Naturally occurring variations are indicated below and occur independently from each other. 
30 Drug-selected variants are indicated in bold 

Figure 2 A: Reactivities of the selected probes for codon 30 immobilized on LiPA strips with reference 
material. The information in the boxed surface is not relevant for the discussion of probes for condon 30 
The position of each selected probe on the membrane strip is shown at the left of each panel The 
35 sequence of the relevant part of the selected probes is shown at the left and is given in Table 1. Each strip 
is incubated with a biotinylated PCR fragment from the reference panel. The reference panel accession 
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numbers are indicated in Table 1 . For several probes multiple reference panel possibilities are available, 
but only one relevant accession number given each time. *: False positive reactivities. At the bottom the 
strips, the amino acids at the relevant codon, as derived from the probe reactivity, is indicated. 

5 Figure 2 B: Reactivities of the selected probes for codons 46 and 48 immobilized on LiPA strips with 
reference material The information in the boxed surface is not relevant for the discussion of probes for 
condons 46 and 48 The position of each selected probe on the membrane strip is shown at the left of each 
panel. The sequence of the relevant part of the selected probes is given in Table 1. Each strip is incubated 
with a biotinylated PCR fragment from the reference panel. The reference panel accession numbers are 

1 0 indicated in Table 1 . For several probes multiple reference panel possibilities are available, but only one 
relevant accession number given each time. *: False positive reactivities. On top of the strips, the amino 
acids at the relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 C: Reactivities of the selected probes for codon 50 immobilized on LiPA strips with reference 
1 5 material. The information in the boxed surface is not relevant for the discussion of probes for condon 50. 

The position of each selected probe on the membrane strip is shown at the left of each panel. The 

sequence of the relevant part of the selected probes is given in Table 1. Each strip is incubated with a 
, biotinylated PCR fragment from the reference panel. The reference panel accession numbers are 

indicated in Table 1 . For several probes multiple reference panel possibilities are available, but only one 
20 relevant accession number given each time. *: False positive reactivities. At the bottom of the strips, the 

amino acids at the relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 D: Reactivities of the selected probes for codon 54 immobilized on LiPA strips with reference 
material. The information in the boxed surface is not relevant for the discussion of probes for condon 54. 

25 The position of each selected probe on the membrane strip is shown at the left of each panel. The 
sequence of the relevant part of the selected probes is given in Table 1. Each strip is incubated with a 
biotinylated PCR fragment from the reference panel. The reference panel accession numbers are 
indicated in Table 1 . For several probes multiple reference panel possibilities are available, but only one 
relevant accession number given each time. *: False positive reactivities. At the bottom of the strips, the 

30 amino acids at the relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 E.:Reactivities of the selected probes for codons 82 and 84 immobilized on LiPA strips with 
reference material. The information in the boxed surface is not relevant for the discussion of probes for 
condons 82 and 84. The position of each selected probe on the membrane strip is shown at the left of 
35 each panel. The sequence of the relevant part of the selected probes is given in Table 1. Each strip is 
incubated with a biotinylated PCR fragment from the reference panel. The reference panel accession 
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numbers are indicated in Tabki. For several probes multiple reference panel possibilities are available, 
but only one relevant accession number given each time. *: False positive reactivities. At the bottom of 
the strips, the amino acids at the relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 F: Reactivities of the selected probes for codon 90 immobilized on LiPA strips with reference 
material. The information in the boxed surface is not relevant for the discussion of probes for condon 90. 
The position of each selected probe on the membrane strip is shown at the left of each panel. The 
sequence of the relevant part of the selected probes is given in Table 1. Each strip is incubated with a 
biotinylated PCR fragment from the reference panel. The reference panel accession numbers are 
indicated in Jabjel. For several probes multiple reference panel possibilities are available, but only one 
relevant accession number given each time. ♦: False positive reactivities. At the bottom of the strips, the 
amino acids at the relevant codon, as derived from the probe reactivity, is indicated. 

Figure 3: Sequence and position of the HIV-1 protease amplification primers. To obtain the reactivity 
with probes selected to determine the susceptibility to antiviral drugs involving codons 30, 46, 48, 50, 
54, 82, and 84, nested amplification primers pK^biotf 1 primer) and Prot3 lbio (3« primer) were designed 
To obtain the reactivity with probes selected to determine the susceptibility to antiviral drugs involving 
codon 90, nested amplification primers Prot41bio (5' primer) and Prot6bio (3' primer) were designed. 

Figure 4 A: Phylogenetic analysis on 3 12 protease sequences allowed to separate genotype B strains from 
non-B strains. Reactivities of the selected probes for codon 30 immobilized on LiPA strips with a 
biotinylated PCR fragment of genotype B strains and non-B strains is shown, the exact percentages are 
indicated in table 5. The probes are indicated at the bottom. The sequence of the relevant part of the 
probes is given in Table 1 . 

Figure 4 B: Phylogenetic analysis on 3 12 protease sequences allowed to separate genotype B strains from 
non-B strains. Reactivities of the selected probes for codons 46/48 immobilized on LiPA strips with a 
biotinylated PCR fragment of genotype B strains and non-B strains is shown, the exact percentages are 
indicated in table 5. The probes are indicated at the bottom. The sequence of the relevant part of the 
probes is given in Table 1 . 



Figure 4 C: Phylogenetic analysis on 3 12 protease sequences allowed to separate genotype B strains from 
non-B strains. Reactivities of the selected probes for codon 50 immobilized on LiPA strips with a 
biotinylated PCR fragment of genotype B strains and non-B strains is shown, the exact percentages are 
indicated in table 5. The probes are indicated at the bottom. The sequence of the relevant part of the 
probes is given in Table 1 . 
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Figure 4 D: Phylogenetic analysis on 3 12 protease sequences allowed to separate genotype B strains from 
non-B strains. Reactivities of the selected probes for codon 54 immobilized on LiPA strips with a 
biotinylated PCR fragment of genotype B strains and non-B strains is shown, the exact percentages are 
5 indicated in table 5. The probes are indicated at the bottom. The sequence of the relevant part of the 
probes is given in Table 1, 

Figure 4 E: Phylogenetic analysis on 312 protease sequences allowed to separate genotype B strains from 
non-B strains. Reactivities of the selected probes for codons 82/84 immobilized on LiPA strips with a 
1 0 biotinylated PCR fragment of genotype B strains and non-B strains is shown, the exact percentages are 
indicated in table 5. The probes are indicated at the bottom. The sequence of the relevant part of the 
probes is given in Table 1 . 

Figure 4 F: Phylogenetic analysis on 312 protease sequences allowed to separate genotype B strains from 
15 non-B strains. Reactivities of the selected probes for codon 90 immobilized on LiPA strips with a 
biotinylated PCR fragment of genotype B strains and non-B strains is shown, the exact percentages are 
indicated in table 5. The probes are indicated at the bottom. The sequence of the relevant part of the 
probes is given in Table 1 . 

20 Figure 5 A: Geographical origin of 856 samples and reactivities with the different probes at codon 
position 30. The exact percentages are indicated in table 6. The probes are indicated at the bottom. 

Figure 5 B: Geographical origin of 856 samples and reactivities with the different probes at codon 
positions 46/48. The exact percentages are indicated in table 6. The probes are indicated at the bottom. 

25 

Figure 5 C: Geographical origin of 856 samples and reactivities with the different probes at codon 
position 50. The exact percentages are indicated in table 6. The probes are indicated at the bottom. 

Figure 5 D: Geographical origin of 856 samples and reactivities with the different probes at codon 
30 position 54. The exact percentages are indicated in table 6. The probes are indicated at the bottom. 

Figure 5 E: Geographical origin of 856 samples and reactivities with the different probes at codon 
positions 82/84. The exact percentages are indicated in table 6. The probes are indicated at the bottom. 

35 Figure 5 F: Geographical origin of 856 samples and reactivities with the different probes at codon 
position 90. The exact percentages are indicated in table 6. The probes are indicated at the bottom. 
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Table I: HIV : ! protease and mutation ^ ^ ^ ^ 

sequences as applied on the HIV-1 protease LiPA strip. The most frequently observed wild-type 
sequence is shown at the top line. Probe names corresponding to the selected motifs are indicated in the 
left column, the relevant part of each probe applied on the strip is shown under the consensus sequence 



5 

Table 2: Protease Inhibitors. 



Table 3: HJV-1 protease wfld-type and deselected mutation probes with their coneapondmg 
10 sequences as synthesized, immobilized and tested on LiPA strips. The most trequendy observed wild- 
type serene, is shown a, the , op ltoe . ^ naraes c<MTespondillg „ fc ^ ^ ^ 

tn the left column, the relevant par, of each probe applied on the strip is shown tmder the eonsensna 
sequence. The probes retained are indicated in table 1. 

1 5 Table 4: Polymorphic nucleotide sequences. 

: 0// " ** eaCt * V ' t ' es °^* e HTVM protease wild-type and drug-selected mutation probes applied on 
the HTV-1 protease LiPA strip with genotype B strains and non-B strains. 

20 Table 6: % Reactivities of the HTV-1 protease wild-type and deselected mutation probes applied 
the HIV-1 protease LiPA strip with samples of different geographical origin. 



on 



Table 7: HTV-1 protease wild-type and drug-selected mutation probes with their corresponding sequences 
as applied on the HTV-1 protease LiPA strip. The most frequently observed wild-type sequence is shown 
at the top hne. Probe names corresponding to the selected motifs are indicated in the left column the 
relevant part of each probe applied on the strip is shown under the consensus sequence. 



EXAMPLES 



30 



35 




roducts . 



mm^ki (n=557) were taken from HIV type-1 infected patients and stored at -20°C until 
use. Plasma samples were obtained from naive and drug-treated patients. The drugs involved ritonavir 
mdmavrr and saquinavir. The serum samp,es were collected from patients residing in Europe (Belgium' 
Luxembourg, France, Spain and UK), USA and Brazil. " ' 



WO 99/67428 



PCT/EP99/04317 



19 

HIV RNA was prepared from these samples using the guanidinium-phenol procedure. Fifty yl 
plasma was mixed with 150 yl Trizol®LS Reagent (Life Technologies, Gent, Belgium) at room 
temperature (volume ratio: lunit sample/ 3 units Trizol ). Lysis and denaturation occurred by carefully 
pipetting up and down several times, followed by an incubation step at room temperature for at least 5 
5 minutes. Fourthy yl CHC1 3 was added and the mixture was shaken vigorously by hand for at least 15 
seconds, and incubated for 15 minutes at room temperature. The samples were centrifuged at maximum 
12,000g for 15 minutes at 4°C, and the colorless aqueous phase was collected and mixed with 100 yl 
isopropanol. To visualize the minute amounts of viral RNA, 20 yl of lyg/yl Dextran T500 (Pharmacia) 
was added, mixed and left at room temperature for 10 minutes. Following centrifugation at max. 12,000g 

10 for 1 0 minutes at 4°C and aspiration of the supernatant, the RNA pellet was washed with 200 yl ethanol, 
mixed by vortexing and collected by centrifugation at 7,500g for 5 minutes at 4°C. Finally the RNA 
pellet was briefly air-dried and stored at -20°C. Alternatively, the High Pure Viral Nucleic Acid Kit 
(Boehringer Mannheim ) was used to extract RNA from the samples 

For cDNA synthesis and PCR amplification, the RNA pellet was dissolved in 15 yl random 

1 5 primers (20 ng/yl, pdN 6 , Pharmacia), prepared in DEPC-treated or HPLC grade water. After denaturation 
at 70°C for 10 minutes, 5 yl cDNA mix was added, composed of 4 yl 5x AMV-RT buffer (250mM 
Tris.HCl pH 8.5, lOOmM KC1, 30mM MgCl 2 , 25 mM DTT), 0.4 yL 25mM dXTPs, 0.2 yl or 25U 
Ribonuclease Inhibitor (HPRI, Amersham), and 0.3 yl or 8U AMV-RT (Stratagene). cDNA synthesis 
occurred during the 90 minutes incubation at 42°C. The HIV -1 protease gene was than amplified using 

20 the following reaction mixture: 5 yl cDNA, 4.5 yl lOx Taq buffer, 0.3 yl 25 mM dXTPs, 1 yl (10 pmol) 
of each PCR primer, 38 yl H 2 0, and 0.2 yl (1 U) Taq. . Alternatively, the Titon One Tube RT-PCR 
system (Boehringer Mannheim) was used to perform RT-PCR. 

Codon positions involving resistance to saquinavir, ritonavir, indinavir, nelfinavir and VX-478 have been 
described (Shinazi et al) and PCR amplification primers were chosen outside these regions. The primer 

25 design was based on HIV-1 published sequences (mainly genotype B clade) (Myers et al) and located 
in regions that showed a high degree of nucleotide conservation between the different HTV-1 clades. The 
final amplified region covered the HIV-1 protease gene from codon 9 to codon 99. The primers for 
amplification had the following sequence:, outer sense primer Prl6: 5 f bio- 
CAGAGCCAACAGCCCCACCAG3 1 (SEQ ID NO 1); nested sense primer Prot 2 bio: 5' CCT CAR ATC 

30 ACT CTT TGG CAA CG 3* (SEQ ID NO 3) ; nested antisense primer Prot 6 bio: 3* TAA TCR GGA 
TAA CTY TGA CAT GGT C 5' (SEQ ID NO 4); and outer antisense primer RT12: 5' 
bioATCAGGATGGAGTTCATAACCCATCCA3' (SEQ ID NO 2). Annealing occurred at 57°C, 
extension at 72°C and denaturation at 94°C. Each step of the cycle took 1 minute, the outer PCR 
contained 40 cycles, the nested round 35. Nested round PCR products were analyzed on agarose gel and 

35 only clearly visible amplification products were used in the LiPA procedure. Quantification of viral 
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» as **- -» *• HIV Moni.or~.es, (Roche, Bnassels, Be,gi„m). Late, on, new se B of 
pnmers for amplification were select. Foe the amplication of HIV protease codon 30.84- outer sen* 
printer pro<>6: 5 '-CAG AGCCAACAGCCCCACCAG-3 ' (SEQ >D NO 50.,, outer antiacne primer 
P^^'-TlTKnTCTCTCAATCGCC^TIXnTTO*(SEQIDN05(>2)wwuse4 Annealing occurred 
3.50 C,ex.en siM ,a.68-Candde ran ,rari (m a,^Cfo,35c y cle S foru,eo„. e ,PCR. Ford* nested FCR 
annealing occurred a. 45°C, denamranon a. 94«C and extension a, ,2°C with primers: nested sense 
nnrners proQn-bio: 5--b,c-CCTCAAATCACTCnTGGCAACW (SEQ ID NO 503)and pro^i.. 
f . 1 ^^^^^''^^ 1 ^^ 1< ^^^"^ ' (SEQ ID NO 504), and nested antisense primer prot31 - 
1 "^^^^^^AGATrTCTTCCAAT-3 ' (SEQ ID NO 6). For (he amplification of HTV protease 
codon 90, .he outer PCR was as specified for HTV protease codon 30-84. For me nested PCR, nes,ed 
sense primer pro,41-bi„: 5'-bio-CCTGTCAACATAATTGCAAG-3' (SEQ ID NO 505) and nested 
anrisenseprimers prot6a: 5 '•bio-CTGGTACAGTTTCAATAGGGCTAAT-3 * (SEQ ID NO 506), pro.6V 
5 •h.o-CTGGTACAGTTTCAATAGGACTAAT-3' (SEQ ID NO 507) pro«c- c- bio' 
CTGGTACAGTCTC AATAGG ACTAAT-3 ' (SEQ U> N0 508). p^' ^ 
CTGGTACAGTCTCAATAGGGCTAAT-3* (SEQ ID NO 509) were used. For I neaed 
anneahng tempenmne occurred a. 45°C Primers were rested on . piasmid, which coined an HTV 
fi.gmen.of 1301 bp ligated in a pGEM-T vector. The Bagmen, conteins protease, mverse hanacripteae 
and me pnmer sitea of firs, and second round PCR. By restiiction wim 5uc /me plaamid is Uneariaed 
Selected pep p^ were doned into ,he preheated EcoRV site of me pGEMT vecti* 
(Fromega). Recombinan, Cones were selected after a-complementeuon and reaction fragmen, lengd. 
analyse and sequenced using stendard sequencing techniques wfth plasmid primem and internal HTV 
protease primers. Sometimes biotinylated fragmenta were diredy sequenced wim a dye.temtina.or 
protocol (Applied Biosystems) uaing .he amplification prime*. Alternatively, nested PCR was canted 
on, wtih analogs of me nes.ed primem, in which me biotin gmup was rep,aced with me T7- and SP6- 
pnmer sequence, respectively. These amphcons wem tan sequent wilh m sp6 . ^ „ 
procedure. J y 



Example 2 ; 
30 Selection of a Reference p *n*i 

Codon positions involvmg .existence , 0 saquinavir _ ^ 
have been described (Shinaaiaru/. ,997). I. was m. aim to clone in plaamids .hose viral pnnease gene, 

are covering the differen, genetic motifs a, mose imponan, codon position, C o„ fei ri„ 6 
against the described protease inhibitors. 
35 After carefid analysis of 3 12 prorease gene sequences, chained after dhec seque^ing of PCR 

fiagmente, a selection of 47 PCR fragments which covered .he differen, terge, polymorphisms and 
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mutations were retained and cloned in plasmids using described cloning techniques. The selection of 
samples originated from naive or drug-treated European, Brazilian or US patients. These 47 
recombinant plasmids are used as a reference panel, a panel that was sequenced on both strands, and 
biotinylated PCR products from this panel were used to optimize probes for specificity and sensitivity. 
5 Although this panel of 47 samples is a representative selection of clones at this moment, it is 

important to mention here that this selection is an fact only a temporally picture of the variability of the 
virus, and a continuous update of this panel will be mandatory. This includes on ongoing screening for 
the new variants of the virus, and recombinant cloning of these new motifs. 

10 Probe selection and LiPA testing . 

To cover all the different genetic motifs in the reference panel, a total of 471 probes were 
designed (codon 30: 40 probes; codon 46/48: 72 probes; codon 50:55 probes; codon 54: 54 probes; codon 
82/84: 130 probes; codon 90: 120 probes).Table 3 shows the different probes that were selected for the 
different codon positions. 

15 It was the aim to adapt all probes to react specifically under the same hybridization and wash 

conditions by carefully considering the % (G+C), the probe length, the final concentration of the buffer 
components, and hybridization temperature (Stuyver et al., 1997). Therefore, probes were provided 
enzymatically with a poly-T-tail using the TdT (Pharmacia) in a standard reaction condition, and purified 
via precipitation. For a limited number of probes with 3' T-ending sequences, an additional G was 

20 incorporated between the probe sequence and the poly-T-tail in order to limit the hybridizing part to the 
specific probe sequence and to exclude hybridization with the tail sequence. Probe pellets were dissolved 
in standard saline citrate (SSC) buffer and applied as horizontal parallel lines on a membrane strip. 
Control lines for amplification (probe 5' TAGGGGGAATTGGAGGTTTTAG 3 \ HIV protease aa 47 
to aa 54) and conjugate incubation (biotinylated DNA) were applied alongside.. Probes were 

25 immobilized onto membranes by baking, and the membranes were sliced into 4mm strips also called 
LiPA strips. 

Selection of the amplification primers and PCR amplification was as described in example 1. 
In order to select specific reacting probes out of the 471 candidate probes, LiPA tests were performed 
with biotinylated PCR fragments from the reference panel. To perform LiPA tests, equal amounts (10 

30 |il) of biotinylated amplification products and denaturation mixture (0.4 N NaOH/0.1% SDS) were 
mixed, followed by an incubation at room temperature for 5 minutes. Following this denaturation step, 
2 ml hybridization buffer (2xSSC, 0.1% SDS, 50mM Tris pH7.5) was added together with a membrane 
strip and hybridization was earned out at 39°C for 30 min. Then, the hybridization mixture was replaced 
by stringent washing buffer (same composition as hybridization buffer), and stringent washing occurred 

35 first at room temperature for 5 minutes and than at 39°C for another 25 minutes. Buffers were than 
replaced to be suitable for the streptavidine alkaline phosphatase conjugate incubations. After 30 minutes 
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mtnutes meubaoon „ room temperature, probes where nation occu™, became M because 
of the puiple brown precipitate at these positions. 
5 After careM analysts of 471 probes, me mosl ^ ^ ^ 

* * riT 8 - na,mi Md drag - seiecttd -* u * * »» <** * * i * 

Example 3 ! 
10 LiPA testing on climVfll samgjes 

A tota, of 856 ^ were |esttd on ^ rf ^ 

J™n W S population, a tot,, of M4 samples were sequenced which allowed W separate tho 

Sit «T (94) frora *• nM " B samp,es (50) - Ate aralysis of te < ~ ^ - 

UFA, tfte geno*p,c reacttvtty on the selected ^ ^ ^ > 

forthedilTerentcrtdonposidonsandforlhegenotvDeBve^ne^nB r . 
that the™ fcli»l»j <r • e «™W«B versus non-B group. From thest tables, it is clear 

ma, thera is htde dtfference m sequence usage for the different codon positions with raapoo, to apeoifto 
reactivities at the different probes. r~"o spectltc 

of thes ^ t< t^ CO " ect,on °^ ^ samples was then tested on the available 46 probes. After dissection 
of over ,he different probes and different ^ fc " 

™ ,n F.gures 5A to 5F. Again hero, the major* of the seW ea used o, I differon 2 

ma.ontv 0 f the maUim m found „ ^ ^ ^ Ne & ^ 

= o„s * the vannbiht, a, aome codon positions in the motan, motif might be coIZ, ^ 

*—--^*---ri-- of^obt 
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Table 1 



3o ^ £ <£-c% G f? cS ,11 £ £ i* 10 
pc30w25 GCA GAT GAT ACA GT 

pc30w29 A GCG GAT GAT ACA 

Pc30w32 GCA GAT GAC ACA GT 

pc30w36 GCA GAC GAT ACA GG 

pc30m23 A GCA GAT AAT' ACA GT 

44 45 46 47 48 49 50 51 52 
CCA AAA ATG ATA GGG GGA ATT GGA GGT 
pc48w47 AAA ATG ATA GGG GGA 

pc.48w45 A ATG ATA GGA GGA ATT 

pc48w72 A AAA ATA ATA GGG GGA 
pc48m41 ATG ATA GTG GGA ATT 

• 48 49 50 51 52 53 54 

GGG GGA ATT GGA GGT TTT ATC 

pc50w31 GGA ATT GGA GGT TTT 

pc50w44 GGA ATT GGG GGT TTG 

pc50w52 GA ATT GGA GGC TTG 

pc50m37 GGG GGA GTT GGA 

51 52 53 54 55 56 57 58 
GGA GGT TTT ATC -AAA GTA AGA CAG 
pc54w3 GT TTT ATC AAA GTA AGA 

pc54w34 GA GGT TTT ATC AAA GT 
pc54wl4 GGT TTT ATC AAG GTA A 

pc54wl9 A GGC TTT ATC AAA GTA 
pc54w22 GA GGT TTT ATT AAA GTA 
pc54w26 A GGT TTC ATT AAG GTA 
pc54w27 GGT TTT ATT AAG GTA A 

pc54m55 A GGT TTT GCC AAA GT 
pc54m35 GGT TTT GTC AAA GTA 

pc54m37 GGT TTT GTC AGA GTA 

78 79 80 81 82 83 84 85 86 87 

GGA CCT ACA CCT GTC AAC ATA ATT GGA AGA 

P c82w91 ACA CCT GTC AAC ATA A 
Pc82w60 CA CCT GTC AAT ATA ATG 

pc82wlll A CCG GTC AAC ATA ATT 

pc82w89 ACA CCT GTT AAC ATA AG 
pc82w42 CA CCT GTC AAC GTA 

pc82m36 ACA CCT ACC AAC ATA 

pc82m67 ACA CCT ACC AAC GT 

pc82m38 ACA CCT TTC AAC ATA 

pc 8 2ml 05 ACG CCC TTC AAC ATA 
pc 8 2ml 2 7 CA CCT TTC AAC GTA ATG 

pc82m40 ACA CCT GCC AAC ATA 
pc82m63 CA CCT GCC AAT ATA AG 

pc 8 2ml 01 ACA CCT ATC AAC ATA ATG 



40 


14 


31 


36 


13 


35 


42 


14 


38 


40 


14 


42 


40 


15 


.29 


42 


15 


93 


42 


16 


91 


42 


16 


120 


40 


15 


87 


42 


15 


151 


42 


15 


164 




14 


172 


40 


12 


157 


42 


17 


178 


42 


16 


212 


42 


16 


189 


42 


16 


194 


42 


17 


197 


42 


16 


202 


40 . 


16 


204 


38 


15 




40 


15 


213 


42 


15 


215 



44 


16 


318 


42 


17 


287 


44 


16 


338 


42 


17 


316 


42 


14 


269 


42 


15 


263 


42 


14 


294 


40 


15 


265 


44 


15 


332 


44 


17 


354 


44 


15 


267 


42 


16 


290 


44 


18 


328 
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pc90w27 
pc90w37 
pc90w39 
pc90w50 
pc90w52 
pc90w69 
pc90w73 
pc90w79 
pc90m43 
pc90m56 
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Table 1 - Cont'd 

86 



17 


88 


89 


90 


91 


92 


93 


94 










AAT 


CTG 


TTG 


ACT 


CAG 


ATT 


GGT 










AAT 


CTG 


TTG 


ACT 


CA 






38 


14 


384 




AAT 


CTG 


TTG 


ACT 


CAG 


ATG 




42 


18 


394 


GA 


ACT 


CTG 


TTG 


ACT 


C 






44 


15 


396 




AAT 


ATG 


TTG 


ACT 


CAG 






40 


15 


407 




AAT 


TTG 


TTG 


ACT 


CAG 






40 


15 


409 


GA 


AAC 


CTG 


TTG 


ACT 








40 


14 


426 






TG 


TTG 


ACA 


CAG 


CTT 


G 


44 


15 


430 






TG 


TTG 


ACC 


CAG 


ATT 


G 


44 


15 


436 


A 


AAT 


CTG 


ATG 


ACT 


CA 






40 


15 


400 




AAT 


ATG 


ATG 


ACC 


CAG 






42 


15 


413 
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Table 2 
Protease Inhibitors 



Compound Amino acid change 

Protease Inhibitors 



A-77003 



P9941 

Ro 31-8959 
(saquinavir) 



R8Q 
R8K 
V32I 

M46I 

M46L 
M46F 
M46V 
G48V 
A71V 
V82I 

V82A 

L63P 
A71T 
A71V 
G73S 

V82A 

V82F 

V82T 

I84V 

L90M 

V82A 

LI 01 
G48V 



Codon change 



CGA to CAA 
CGA to AAA 
GTA to ATA 

ATGtoATA 

ATGtoTTC 
ATGtoTTC 
ATG to GTG 
GGGtoGTG 
GCTtoGTT 
GTC to ATC 

GTC to GCC 

CTC to CCC 
GCT to ACT 
GCTtoGTT 
GGTtoGCT 

GTC to GCC 
GTC to TTC 
GTC to ACC 
ATA to GTA 
TTGtoATG 

GTC to GCC 

CTC to ATC 
GGGtoGTG 



I54V 

I54V 

G73S 

V82A 

I84V 

L90M 



ATC to GTC 
ATA to GTA 
GGTtoAGT 
GTC to GCC 
ATA to GTA 
TTG to ATG 



RPI-312 



I84V 



ATA to GTA 
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Table 2 - Cont'd-l 



SG-52151 



SC-55389A 

i 

SKF1 08842 
SKF1 08922 
VB 11,328 



VX-478 
(141W94) 



XM323 



L24V 

G48V 

A71V 

V75I 

P81T 

V82A 

N88D 

LI OF 
N88S 

V82T 
I84V 

V82A 
V82T 

LI OF 
M46I 
I47V 
I50V 
184V 

LI OF 
M46I 
I47V 
I50V 
I84V 

LI OF 
K45I 
M46L 
V82A 

V82I 
V82F 
I84V 



TTA to GTA 
GGG to GTG 
GCT to GTT 
GTA to ATA 
CCT to ACT 
GTCtoGCC 
AAT to GAT 

CTC to CGC 
AATtoAGT 

GTC to ACC 
ATA to GTA 

GTCtoGCC 
GTC to ACC 

CTC to GGC 
ATGtoATA 
ATA to CT A 
ATT to GTT 
ATA to GTA 

CTC to CGC 
ATG to ATA 
ATA to CTA 
ATT to GTT 
ATA to GTA 

CTC to CGC 
AAA to ATA 
ATG to CTG 
GTCtoGCC 

GTC to ATC 
GTC to TTC 
ATA to GTA 



L97V TTA to GTA 

I82T ATC to ACC 

A-75925 V32I GTA to ATA 

ABT-538 K20R AAG to AAA 

(ritonavir) L33F TTA to TTC 



WO 99/67428 



30 



PCT/EP99/04317 



Table 2 - Cont'd-2 



AG1343 
(nelfinavir) 



BILA 1906 
BS 



BILA 2011 
(palinavir) 



BILA 2185 BS 
BMS 186,318 
DMP 450 



M36I 


ATfi tn ATA 


M46I 


ATG to ATA 


I54L 


ATC to ? 


I54V 


ATC to GTC 


A71V 


GTCtoGTT 


V82F 


GTC to TTC 


V82A 


GTC to GCC 


V82T 


GTCtoACC 


V82S 


GTC to TCC 


I84V 


ATA to GTA 


L90M 


TTGtoATG 



D30N 

M36I 

M46I 

L63P 

A71V 

V771 

184 V 

N88D 

L90M 

V32I 
M46I 
M46L 

A71V 

I84A 

184V 

V32I 
A71V 
I84A 
L63P 

L23I 



A71T 
V82A 

LI OF 



GAT to AAT 

ATG to ATA 
CTC to CCC 
GCT to GTT 

ATA to GTA 

TTGtoATG 

GTA to ATA 
ATG to ATA 
ATG to TTG 

GCT to GTT 
ATA to GC A 
ATA to GTA 

GTA to ATA 
GCT to GTT 
ATG to ATA 
CTC to CCC 

CTAtoATA 



GCT to ACT 
GTC to GCC 

CTC to TTC 
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Table 2 - Cont'd-3 

M46I ATG to ATA 

D60E GAT to GAA 

I84V ATA to GTA 



KNI-272 V32I GTA to ATA 



MK-639 L10I CTCtoATC 

(L-735,524, LI OR CTCtoCGC 

indinavir) L10V CTC to GTC 

K20M AAGtoATG 

K20R AAG to AAA 

L24I TTAtoATA 

V32I GTA to ATA 

M46I ' ATG to ATA 

M46L ATG to TTG 

I54V ATC to GTC 



WO 99/67428 



PCT/EP99/04317 



32 
Table 3 

26 27 28 29 30 31 32 



gjg rca -Ms s ss g « I « ~ t se : 10 

P30W4 GGA GCA GAT GAT ACA GTA TT U 9 

P30W5 GGA GCA GAT GAT ACA GTA TTA 2? 10 

P30w6 ACA GGA GCA GAT GAT ACA 21 11 

P30w7 CA GGA GCA GAT GAT ACA GT 18 12 

P30w8 A GGA GCA GAT GAT ACA GTA TG H 13 

P30W9 GGA GCA GAT GAT ACA GTA TG • ?! 14 

P30W10 ACA GGA GCA GAT GAT ACA GG " » 

??2SJ r.? GCA GAT M ACA G TA TT i"p " 

P30ml3 A GCA GAT AAT ACA cta t^b 19 18 

P30nl4 GGA GCA GAT AAT ACA GTA TT \l 19 

P30ml5 GGA GCA GAT AAT ACA GTA TS 1° 20 

P30ml5 ACA GGA GCA GAT AAT ACA 21 21 

P30ml7 CA GGA GCA GAT AAT ACA GT 18 22 

P30ml8 A GGA GCA GAT AAT ACA GTA TG J? 2 3 

P30ml9 GGA GCA GAT AAT ACA GTA It ?2 24 

P30m20 ACA GGA GCA GAT AAT ACA GG TG \\ \\ 

p30w21 A GCA GAT GAT ACA rV 19 26 

A GCA GA? ™ ACA GTA G " 27 

p30m23 a GCA GAT AAT ACA GTA It 11 

p30m24 A GCA GAT AAT ACA GTA G \% 29 

p30w25 GCA GAT GAT ACA GT Jf 3 ? 

P30W26 A GCA GAT GAT ACA GG " \\ 

p30w27 CA GAT GAT ACA CT> 14 32 

P30W28 GA GCG GAT GAT ACA 13 33 

SlSSo A GCG GAT GAT ACA \\ 34 

SaSSl GCA GAT ^ ACA GTA Jf |£ 

D30w3? S CA GAT ACA GT \\ 1* 

llZll GCA GAT GAC ACA GT 11 37 

dIowL CA GAT GAC ACA GTA G \\ \l 

llZ\\ CA GAT GAT ACA ATA TT \i 39 

llllll S A GAT GAT ACA ATA TG \% 40 

GCA GAC GAT ACA GG \\ 4 J 

llZll GCA GAC GAT ACA GT } 3 11 

P30W38 A GAT GAT ACA ATA TT \i 43 

?! A GAT GAT ACA ATA TTA }f 44 

P 3 0w40 GCA GAT GAT ACA ATA \* 4 f 
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Table 3 - Cont'd-1 



44 45 46 47 48 49 50 51 52 53 54 length Seq ID 
CCA AAA ATG ATA GGG GGA ATT GGA GGT TTT ATC 



P4 8wl 






GTA 


GGG 


GGA 


ATT 


GGA 


GGT 


GG 


18 


47 


P4 8w2 






GTA 


GGG 


GGA 


ATT 


GGA 


GGT 


TG 


19 


48 


P48w3 






GTA 


GGG 


GGA 


ATT 


GGA 


GGT 


TTG 


20 


49 


P48w4 






GTA 


GGG 


GGA 


ATT 


GGA 


GGT 


TTT 


21 


50 


P48w5 




G 


GTA 


GGG 


GGA 


ATT 


GGA 


GGT 


TTG 


21 


. 51 


P48w6 




ATG 


GTA 


GGG 


GGA 


ATT 


GGA 






18 


52 


P48,w7 




ATG 


GTA 


GGG 


GGA 


ATT. 


GGA 


G 




19 


53 


P48w8 


A 


ATG 


GTA 


GGG 


GGA 


ATT 


GGA 






19 


54 


P48w9 


A 


ATG 


GTA 


GGG 


GGA 


ATT 


GGA 


G 




20 


55 


P48wl0 


A 


ATG 


GTA 


GGG 


GGA 


ATT 


GGA 


GGG GG 


22 


56 


P48w21 




ATA 


ATA 


GGG 


GGA 


ATT 


GGA 






18 


57 


P48w22 




ATG 


ATA 


GGG 


GGA 


ATT 


GGA 






18 


58 


P48w23 


A 


ATA 


ATA 


GGG 


GGA 


ATT 


GGA 






19 


59 


P48w24 


A 


ATG 


ATA 


GGG 


GGA 


ATT 


GGA 






19 


60 


P48w25 






ATA 


GGG 


GGA 


ATT 


GGA 


GGT 


GG 


18 


61 


P48w26 






ATA 


GGG 


GGA 


ATT 


GGA 


GGT 


TG 


19 


62 


P48w28 






ATA 


GGG 


GGA 


ATT 


GGA 


GGT 


TTG 


20 


63 


P48w29 






ATA 


GGG 


GGA 


ATT 


GGA 


GGT 


TTT 


21 


64 


P48mll 






GTA 


GTG 


GGA 


ATT 


GGA 


GGT 


GG 


18 


65 


P4 8ml2 






GTA 


GTG 


GGA 


ATT 


GGA 


GGT 


TG 


19 


66 


P48ml3 






GTA 


GTG 


GGA 


ATT 


GGA 


GGT 


TTG 


20 


67 


P48ml4 






GTA 


GTG 


GGA 


ATT 


GGA 


GGT 


TTT 


21 


68 


P48ml5 




G 


GTA 


GTG 


GGA 


ATT 


GGA 


GGT 


TTG 


21 


69 


P48ml6 




ATG 


GTA 


GTG 


GGA 


ATT 


GGA 






18 


70 


P48ml7 




ATG 


GTA 


GTG 


GGA 


ATT 


GGA 


G 




19 


71 


P48ml8 


A 


ATG 


GTA 


GTG 


GGA 


ATT 


GGA 






19 


72 


P48ml9 


A 


ATG 


GTA 


GTG 


GGA 


ATT 


GGA 


G 




20 


73 


P48m20 


A 


ATG 


GTA 


GTG 


GGA 


ATT 


GGA 


GGG 


GG 


22 


74 


P4 8m29 






ATA 


GTG 


GGA 


ATT 


GGA 


GGT 


GG 


18 


75 


P4 8m30 






ATA 


GTG 


GGA 


ATT 


GGA 


GGT 


TG 


19 


76 


P4 8m31 




ATG 


ATA 


GTG 


GGA 


ATT 


GGA 






18 


77 


P4 8m32 




ATG 


ATA 


GTG 


GGA 


ATT 


GGA 


G 




19 


78 


P4 8m33 


A 


ATG 


ATA 


GTG 


GGA 


ATT 


GGA 






19 


79 


p48w34 




G 


ATA 


GGG 


GGA 


ATT 


G 






14 


80 


p48w35 




TG 


ATA 


GGG 


GGA 


ATT 


G 






15 


81 


p48w36 




TG 


ATA 


GGG 


GGA 


ATT 


GG 






16 


82 


p48w37 




ATG 


ATA 


GGG 


GGA 


ATT 








15 


83 


p48m38 




G 


ATA 


GTG 


GGA 


ATT 


G 






14 


84 


p48m39 




TG 


ATA 


GTG 


GGA 


ATT 


G 






15 


85 


p48m40 




TG 


ATA 


GTG 


GGA 


ATT 


GG 






16 


86 


p48m41 




ATG 


ATA 


GTG 


GGA 


ATT 








15 


87 


p48w42 




ATA 


ATA 


GGG 


GGA 


ATT 








15 


88 


p48w43 




TG 


ATA 


GGG 


GGA 


GTT 








14 


89 


p48w44 




G 


ATA 


GGG 


GGA 


GTT 


G 






14 


90 


p48w45 


A 


ATG 


ATA 


GGA 


GGA 


ATT 








16 


91 


p48w46 




ATG 


ATA 


GGG 


GGA 


ATT 








15 


92 


p48w47 


AAA 


ATG 


ATA 


GGG 


GGA 










15 


93 


p48w48 


A AAA 


ATG 


ATA 


GGG 


GG 










15 


94 
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Table 3 - Cont'd-2 



p48w49 AA ATG ATA GGG GGA AG 

p48w50 AAA ATA ATA GGG GGA AG 

p48w51 AAA ATA AAA AT 

p48m52 AAA ATG ATA GTG GGA AG 

p48w52b AAA TTG ATA GGG GG 

p48m53 AAA ATG ATA GTG GGA 

p48w53fc AAA TTG ATA GGG GGA 

p48w54 CA AAA TTG ATA G 

p48w55 ATG GTA GGG GGA ATT 

p4 8w56 AA ATG GTA GGG GGA 

p48w57 A AAA ATG GTA GGG G 

p4 8w58 ATG ATA GGG GAA ATT 

P^ w 5? ATA GGG GAA ATT GGA 

P?8w60 ATA GGG GAA ATT GGA G 

p48w61 ATG ATA GGG GGG ATT 

P-^w62 ATA GGG GGG ATT GG 

P48W63 A GGG GGG ATT GGA 

p4 8m64 AAA ATA ATA GTG GGA 

p48m65 A AAA ATA ATA GTG GGA 

p4 8m66 CA AAA ATA ATA GTG GG 

p4 8m67 AAA TTG ATA GTG GGA 

p48m68 A AAA TTG ATA GTG GGA 

. p4 8m69 CA AAA TTG ATA GTG G 

p4 8w70 AAA ATG ATA GGG GG 

p48w71 A AAA ATG ATA GGG G 

pc48w72 A AAA ATA ATA GGG GGA 



15 


95 


16 


96 


15 


97 


16 


98 


14 


99 


15 


100 


15 


101 


15 


102 


15 


103 


14 


104 


14 


105 


15 


106 


15 


107 


16 


108 


15 


109 


14 


110 


13 


111 


15 


112 


16 


113 


16 


114 


15 


115 


16 


116 


15 


117 


14 


118 


14 


119 


16 


120 
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Table 3 - Cont'd-3 





A R 




Al 


4 fl 




SO 

-J \J 


•J 1 




R? 


^A 


length Seq ID 




ft ATA 
nnn 


nib 


oln 




O \jn 


ATT 
n i. ± 


RHA 
won 




TTT 
111 


ATP 
nib 






rouwi 








ppp 
bbb 


bbn 


ATT 


RRA 


VJV3 1 


TTT 
111 




lo 




r jUW/ 






7\ 
n 


PPP 
bbb 


ppa 


ATT 




bb 1 


TTT 
111 




i y 


1 OO 
1ZZ 








TA 
In 


bbb 


pp7a 

bbn 


ATT 
nl 1 


Pen 


bo I 


TTT 
111 




zu 


1 0*5 
IZj 








7V 

n 


bbb 


PP7\ 
oon 


ATT 
nl l 




bbl 


TTT 
111 


TAP 
Ab 




TO/ 


Pouwb 






1 A 


ppp 

bbb 


bbn 


ATT 
nl 1 


r^o 7A 
ovaA 


bb 1 


TTT 


7A P 

AG 


21 


120 


PoOwb 






Gl A 


PPP 
bbb 


PP7A 
GGA 


ATT 
Ai 1 


bbA 


bbl 


mpp 

1GG 




19 


126 


P50w7 




/—• 

G 


GTA 


p* pp 
GGG 


pp TV 

GGA 


7V m T 
Al 1 


GGA 


GG1 


1GG 




20 


127 


PoOwo 






P* rp 7\ 

bl A 


r*pp 


pp 7\ 

GGA 


7\ mm 
Al 1 


bbA 


GG1 


mmp 

1 1G 




20 


•ion 

128 


PoOwy 






GTA 


ppp 
GGG 


pp 7\ 
GGA 


7ATT 
Al 1 


rr>i\ 
GGA 


GG r 


TTT 




20 


129 


PoOwlO 




TG 


prp 7\ 
Gl A 


ppp 
GGG 


pp 7\ 

GGA 


7ATT 

Al 1 


PP7A 

GGA 


GG1 


pp 
GG 




20 


130 


poOwzl 








GG 


/""/""TV 

GGA 


7\ mm 
Al 1 


rr*7A 
GGA 


GGT 


TTT 




17 


131 


P50w22 








GG 


GGA 


7\ mm 
All 


GGA 


GGT 


TTG 




16 


132 


P50w23 








GG 


GGA 


tv mm 

ATT 


GGA 


r>rifTi 

GGT 


TTT 


TV 

AG 


18 


133 


£>50w24 








GG 


GGA 


TV mm 

ATT 


GGA 


GGT 


TG 




15 


134 


P50w25 








G 


GGA 


tv mm 

ATT 


GGA 


GGT 


TTT 


AT 


18 


i r* 

135 


P50w26 








GG 


TV 

GGA 


tv mm 

ATT 


r^ ^ TV 

GGA 


GGT 


TTT 




17 


136 


P50mll 








GGG 


r+r* tv 

GGA 


/*"*m m 

GTT 


r+ tv 

GGA 


GGT 


TTT 




18 


137 


P50ml2 






A 


GGG 


/-»/*"» TV 

GGA 


r""*m m 

GTT 


GGA 


GGT 


TTT 




1.9 


138 


P50ml3 






TA 


GGG 


f"*r** TV 

GGA 


/••mm 
GTT 


r^r* 1 TV 

GGA 


GGT 


TTT 




20 


1 Oft 

139 


P50ml4 






A 


GGG 


GGA 


GTT 


TV 

GGA 


GGT 


TTT 


AG 


20 


140 


P50ml5 






m tv 

TA 


GGG 


GGA 


GTT 


GGA 


GGT 


TTT 


AG 


21 


141 


PSOmlo 






GTA 


GGG 


/^"O TV 

GGA 


/-'mm 
GIT 


GGA 


GGT 


TGG 




19 


142 


P50ml7 




G 


f~*m tv 

GTA 


r* 

GGG 


r*r* tv 

GGA 


r»mm 

GTT 


GGA 


GGT 


TGG 




o pv 

20 


143 


PSOmlo 






prn tv 
GTA 


ppp 
GGG 


pp"& 
GGA 


pmm 

Gl 1 


GGA 


GG1 


TTG 




20 


1 VI A 

144 


T"> C A .1 T 1 Pi 






Gl A 


GGb 


ppa 
GGA 


Gil 


GGA 


GG1 


TTT ATC 


21 


1 A C 

145 


P50m20 




TG 


m T\ 

GTA 


GGG 


pr^ TA 
GGA 


/"•mm 
Gl 1 


GGA 


pom 

GG1 


GG 




20 


146 


P50m27 








GG 


p»p« tv 

GGA 


Gl 1 


GGA 


GGT 


TTG 




i y 


14 / 


to c o«*o o 










PPA 

bbn 


oil 


bbn 


PPT 
bbl 


TTT 


AG 


18 


148 


P50m29 








GG 


GGA 


GTT 


GGA 


GGT 


TG 




15 


149 


P50m30 








G 


GGA 


GTT 


GGA 


GGT 


TTT 


AT 


18 


150 


P 50w31 










GGA 


ATT 


GGA 


GGT 


TTT 




15 


151 


p50w32 








G 


GGA 


ATT 


GGA 


GGT 


TGG 




15 


152 


p50m33 










GGA 


GTT 


GGA 


GGT 


TTT 




15 


153 


p50m34 








G 


GGA 


GTT 


GGA 


GGT 


TGG 




14 


154 


p50m35 








GGG 


GGA 


GTT 


GGA 


G 






13 


155 


p50m36 








GG 


GGA 


GTT 


GGA 


G 






12 


156 


p50m37 








GGG 


GGA 


GTT 


GGA 








12 


157 


p50w38 










GGA 


ATT 


GGG 


GGT 


TTG 




14 


158 


p50W39 










GA 


ATT 


GGG 


GGT 


TTT 




14 


159 
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Table 3 - Confd-4 



p50w40 




p50w4 1 


GGA 


p50w42 


GGA 


nSDwd ^ 

v/ W *I -J 


GA 


£J *J \J W *J *1 


GA 


p50w45 


GGG GGA 


p50w4 6 


GGA 


p50w47 


GGA 


p50w48 


GGA 


p50w4 9 


GA 


p50w50 


GA 


p50w51 


GGA 


p50w52 


, GA 


p50w53 


GA 


p50m54 


GGA 


p50m55 


GA 



7\ r P r P 


GGG 


GGT 


TTT AG 


15 


160 


ATT 1 
A J. 1 


GGG 


GGT 


TG 


13 


161 


7\rpm 

AIT 


GGG 


GGT 


G 


12 


162 


7\ m rp 

ATT 


GGG 


GGT 


TG 


12 


163 


HI 1 


(slab 


GGT 


TTG 


13 


164 


ATT 


GCA 


G 




13 


165 


ATT 


GCA 


GGT 


TG 


14 


166 


ATT 


GCA 


GGT 


G 


13 


167 


ATT 


GGA 


GGG 


TTG 


14 


168 


ATT 


GGA 


GGG 


TTG 


13 


169 


ATT 


GGA 


GGG 


TTT 


14 


170 


ATT 


GGA 


GGC 


TTG 


14 


171 


ATT 


GGA 


GGC 


TTG 


13 


172 


ATT 


GGA 


GGC 


TTT 


14 


173 


GTT 


GGA 


GGT 


TTG 


15 


174 


GTT 


GGA 


GGT 


TTT 


14 


175 
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51 


52 




GGA 


GGT 


p54 wl 




GGT 


p54w2 




GT 


p54w3 




GT 


p5 4w4 




T 


W *J " « w 




GGT 






GT 


k/<s^ "a ill / 




GGT 


r>54m8 

w *y a ill w 




GT 






GT 


nS4mlO 




T 


nS4ml 1 




GGT 






GT 






GT 






VJUl 


pO fl W J. D 


A 
n 


GGT 

Uw X 






GT 

O X 


pOfiWJ. / 






po IWIO 


A 
n 


GGG 


p^fi W± ;7 


a 

n 


GGC 




A 


GGT 


R 4 rn9 1 
pj *iIUZ X 




GGT 


pD4 Wz/ 


PA 


PPT 

bb 1 


p d h inz z 


pa 

bn 


GGT 
ob 1 


pOfilUZ J 




bb 1 


pD filUZ *i 




GGT 

uO X 


PO filUZ O 




GGT 

bb 1 


t> / ur 9 £ 
pOfiW^ D 


7\ 

/A 


GGT 


pO 4IUZ D 


A 


GGT 


p J4WZ. / 




GGT 


pO 4IUZ / 




GGT 


r> S 4m9 ft 


A 
n 


GGT 

VJVJ J. 


po filuZ y 


PA 


GGT 

bb X 


pj fxiUO U 




GGT 

uu X 


d54w31 




GGT 


p54w32 


A 


GGT 


p54w33 


A 


GGT 


p54w34 


GA 


GGT 


p54m35 




GGT 


p54m36 




GGT 


p54m37 




GGT 


p54m38 




GGT 


p54w39 




GGG 


p54w40 




GGG 


p54w41 




GGC 


p54w42 


GA 


GGC 


p54m48 




GGT 


p54m4 9 




GT 
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Table 3 - Cont'd-5 



53 


54 


55 


56 


57 


TTT 


ATC 


AAA 


GTA 


AGA 


TTT 

XXX 


ATC 


AAA 


GTA 


A 


TTT 

XXX 


ATC 


AAA 


GTA 


AG 


TTT 

XXX 


ATC 


AAA 


GTA 

VJ X *i 


AGA 


TTT 

XXX 


ATC 


AAA 

nnn 


GTA 

vj x n 


AGA 

nun 


TTT 

XXX 


atp 


AAA 

nnn 


GTA 

vj x n 




TTT 

XXX 


ATP 


AAA 
nnn 


GTA 
vj x n 




TTT 


GGG 
bbb 


AAA 
nnn 


GTA 
bin 




TTT 
111 


GGG 


AAA 
nnn 


GTA 
b x n 


A 
n 


TTT 

XXX 


GGG 

Ou U 


AAA 
nnn 


GTA 
o x n 


AG 


TTT 
111 


GGG 


AAA 
nnn 


GTA 
b Xn 


AGA 
nbn 


TTT 
111 


GGG 
bbb 


AAA 
nnn 


GT 
b i 




TTT 
111 


GGG 


AAA 
nnn 


GTA 
bin 




mrnrn 
111 


ATP 
Al b 


A AG 


bl A 


A A 
AA 


m rnrn 
111 


ATP 

Al b 


A AG 
AAb 


PTA 
b 1 A 


A 
A 


mmm 
111 


ATP 
nib 


A AP 
nnb 


bl A 




111 


amp 
ai b 


AAA 
AAA 


PTP 
bib 


APA 
nbn 


TTT 


ATP 

Hie 


AAA 
AAA 


ptp 
bib 


APA 
nbn 


TTT 


A fpp 

/lib 


AAA 
AAA 


rrn j\ 

bl A 


A 


mrnrn 
111 


ATP 
Alb 


AAA 
/inn 


PTA 
b 1 A 




TTT 


ATT 
Al 1 


AAA 
AAA 


CTA 
b 1 A 


A 

A 


111 


ATT 
HI 1 


AAA 
AAA 


PTA 
bl A 


AP 
nb 


rnrnrn 
111 


ATT 
Al 1 


AAA 
AAA 


PTA 
bl A 




TTT 


7v TT 
Al 1 


AAA 
AAA 


PTA 
bl A 




TTT 


7\ rprp 
Al 1 


bbi 


rpm rp 
111 


AT 
Al 


llC 


Al 1 


A AP 
nnb 


PTA 
bl A 




TTC 


7\ mm 
Al 1 


a a p 
nnb 


PTA 
bl A 


A 


llC 


7\ mm 

Al 1 


AAb 


PTA 
bl A 




11C 


7\ rprp 
Al 1 


A AP 
nnb 


PTA 
bl A 




TTT 


7\ rprp 
Al 1 


A Tap 
AAb 


PTA 
bl A 


A 


TTT 


ATT 
Al 1 


AAb 


PTA 
bl A 


7A 

A 


TTT 


ATT 
Al 1 


A AP 
AAb 


PTA 
bl A 




rp rp m 
111 


ATT 
Al 1 


A AG 
AAb 


GT 
bl 




TTT 


7\ rprp 
Al 1 


A AP 
AAb 


PTA 
bl A 


AP 
nb 


TTT 


Aie 


7A A A 
AAA 


PTA 
bl A 


A 


TTT 


ATC 


AAA 


GTA 


A 


TTT 


ATC 


AAA 


GTA 




TTT 


ATC 


AAA 


GT 




TTT 


GTC 


AAA 


GTA 




TTT 


GTC 


AAA 


GTA 


A 


TTT 


GTC 


AGA 


GTA 




TTT 


GTC 


AGA 


GTA 


A 


TTT 


ATC 


AAA 


GTA 




TTT 


ATC 


AAA 


GTA 


A 


TTC 


ATC 


AAA 


GT 




TTC 


ATC 


AAA 






TTT 


GTC 


AAA 


GT 




TTT 


GTC 


AGA 


GTA 





58 length Seq ID 
CAG 



16 


176 

i / V 


16 

X \J 


177 

X / f 


X / 


178 

X / u 


X \J 


1 7Q 
x / y 


1 D 


i an 

1 o u 


1 ^ 

1 D 


1 fil 

1 0 X 






x D 


1 ft ^ 


1 D 


1 

X 0 4 


1 D 


xoo 


1 fJ 


1 Q£ 

loo 


1 *! 


10 / 


1 £ 


X 00 


lb 


Xoy 


1 b 


t on 

xyu 


1 / 


1 Q1 

xyx 


± b 


x 


± f 


i?j 


± o 


xy*i 


X / 


1 Qc; 
l?j 


1 *7 


1 Q£ 

iy b 


1 / 


xy / 


1 *7 


1 QQ 

xyo 


lb 


1 QQ 

xy y 


i r 

±o 


zUU 


1 b 


ZUX 


1 b 


on o 


i ^ 


on"5 


J. b 


Z Ufl 


X o 


90^ 


x O 


9H£ 

z u o 


X b 


9 m 

ZU / 


17 


208 


16 


209 


17 


210 


16 


211 


16 


212 


15 


213 


16 


214 


15 


215 


16 


216 


15 


217 


16 


218 


14 


219 


14 


220 


14 


221 


14 


222 
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Table 3 - Cont'd-6 



p54m50 GGT TTT GTC AGA GT 

p54w51 A GGT TTA ATC AAA GTA 

p54w52 GA GGT TTA ATC AAA GT 

p54m53 GGT TTT ACC AAA GTA 

p54m54 GGT TTT ACC AAA GT 



14 


223 


16 


224 


16 


225 


15 


226 


14 


227 
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Table 3 - Cont'd-7 





78 


79 . 


80 


81 


82 


83 


84 


85 


86 


87 


length Seq ID 




GGA 


CCT 


ACA 


CCT 


GTC AAC 


ATA 


ATT 


GGA 


AGA 






P82wl 




CCT 


ACA 


CCT 


GTC 


AAC 


ATA 


AG 






19 


228 


P82w2 




CCT 


ACA 


CCT 


GTC 


AAC 


ATA 


ATG 






20 


229 


P82w3 




CCT 


ACA 


CCT 


GTC 


AAC 


ATA 


ATT 






21 


230 


P82w4 


A 


CCT 


ACA 


CCT 


GTC 


AAC 


ATA 


AG 






20 


231 


P82w5 


A 


CCT 


ACA 


CCT 


GTC 


AAC 


ATA 


ATG 






21 


232 




A 


CCT 


ACA 


CCT 


GTC 


AAC 


ATA 








19 

X -S 


233 


Pft9w7 
ro^w / 


GA 

VJii 


CCT 

UU X 


ACA 


CCT 


GTC 

VJ X u 


AAC 


ATA 








20 


234 








CA 


CCT 


GTP 

u x u 


AAC 

nnu 


ATA 


ATT 


GGA 




20 


235 

*J +J 


x O W -7 






A 


CCT 


GTP 

VJl u 


AAC 

xxnu 


ATA 


ATT 


GGA 


A 


20 


236 








ACA 


CCT 


GTC 

X u 


AAC 

nnu 


ATA 


ATT 


GG 




20 


237 








A 


CCT 


GTP 

VJ X U 


AAC 

nnu 


ATA 


ATT 


GGA 




19 

X -/ 


238 

vJ U 


Pft 9m1 1 




PPT 

UU X 


ACA 


CCT 

U U X 


APP 
nuu 


AAC 

nnu 


ATA 


AG 








239 


Pfi9m1 9 




CCT 

UU X 


APA 


CCT 

UU X 


APP 

nuu 


AAC 

nnu 


ATA 


ATG 






20 


240 


DOOml *3 
rO Zlul J 




ppt 

uu 1 


APA 

nun 


CCT 

UU X 


APP 
nuu 


AAP 

nnu 


ATA 


ATT 

n x x 






21 


241 


DQOtyiI A 
r 0 ZIUX 4 


A 
n 


PPT 

UU X 


APA 


CCT 

UU X 


APP 
nuu 


AAP 
nnu 


ATA 


AG 






20 


242 

*i Xi 


Jr 0 /IUl D 


A 
n 


PPT 
uu 1 


APA 
nun 


PPT 

UU X 


APP 
nuu 


AAP 
nnu 


ATA 


ATG 






91 


94 3 
^ *x 0 


PP9yti1 £ 
Jr C ZIuX D 


7\ 

n 


PPT 
v^u l 


APA 
nun 


PPT 

UU X 


APP 
nuu 


AAP 
nnu 


ATA 

nxn 








1 Q 

JU .7 


244 

*i *i 


it 0 ZIUl / 


on 


PPT 

UU X 


APA 
nun 


PPT 

UU X 


Z\PP 
nuu 


AAP 
nnu 


ATA 








90 


94 S 

^. H «J 


Jr 0 ZIUX 0 






PA 
un 


PPT 

UU X 


APP 
nuu^ 


AAP 
nnu 


ATA 


ATT 

X X 


GGA 




90 


94 


p ft 9ml Q 

Jr oziux 






n 


PPT 

UU X 


APP 
nuu 


AAP 
nnu 


ATA 

nxn 


ATT 

n x x 


GGA 


A 


90 


947 


Pft 9m9 fi 






APA 
nun 


PPT 

UU X 


APP 
nuu 


AAP 
nnu 


ATA 

nx n 


ATT 

X X 


G 




X 7 


248 


Pft 9m99 




PPT 

UU 1 


APA 
nun 


CCT 

UU X 


TTP 

X X u 


AAP 
nnu 


ATA 


ATT 






21 

X. 


249 


Pft9m9 ^ 




PPT 


APA 

nun 


CCT 


GPP 


AAP 
nnu 


ATA 


ATT 






21 

«* X 


250 


Pft 9m94 

XT 0 &\\\€L *i 




PPT 

UU X 


APA 

nun 


CCT 

UU X 


TPP 

X UU 


AAP 

nnu 


ATA 


ATT 






21 

X 


251 


Pft 9m9 R 






A 

n 


CCT 

UU X 


TTP 

X X u 


AAP 
nnu 


ATA 


ATT 


GGA 


A 


20 

Xw v 


252 


Pft9m9fi 






A 


CCT 

UU X 


GPP 

V3UU 


AAP 
nnu 


ATA 


ATT 


GGA 


A 


20 


253 

L, J J 


Pft 9m97 






A 
n 


PPT 

UU X 


TTP 

X X u 


AAP 
nnu 


ATA 


ATT 

n x x 


GGA 


A 


20 


254 


Pft 9-m9 ft 






A 
n 


PPT 

UU X 


APP 
nuu 


AAP 
nnu 


ATA 


ATT 

n x x 






1 6 


9^R 


Pft 9m9 Q 






A 
n 


PPT 

UU X 


TTP 

X X u 


AAP 
nnu 


ATA 

n x 


ATT 

n x x 


GGA 




1 9 

X 17 


9Sfi 

t JO 


Pft 9m^n 
jr 0 ^IUOU 






A 
n 


PPT 

UU X 


GPP 
ouu 


AAP 
nnu 


ATA 

■lx x n 


ATT 

il X X 


GGA 




1 9 

X -? 


957 


Pft9tn?1 






A 
n 


PPT 

UU X 


TPP 

X UU 


AAP 
nnu 


ATA 

n x n 


ATT 

** X X 


GGA 




1 Q 

X -7 


95ft 

i. JO 


Pft 9w^9 




T 


APA 
nun 


PPT 

UU X 


GTC 


AAC 


AT 

n x 








IS 

X -J 


259 






T 


APA 

nun 


CCT 


GTC 


AAC 


ATA 








16 

X V 


260 

b WW 


Pft2w34 






ACA 


CCT 


GTC 


AAC 


ATA 








15 


261 


P82w35 






CA 


CCT 


GTC 


AAC 


ATA 








14 


262 


P82m36 






ACA 


CCT 


ACC 


AAC 


ATA 








15 


263 


P82m37 






CA 


CCT 


ACC 


AAC 


ATA 








14 


264 


P82m38 






ACA 


CCT 


TTC 


AAC 


ATA 








15 


265 


P82m39 






CA 


CCT 


TTC 


AAC 


ATA 








14 


266 


P82m40 






ACA 


CCT 


GCC 


AAC 


ATA 








15 


267 


P82m41 






CA 


CCT 


GCC 


AAC 


ATA 








14 


268 


P82w42 






CA 


CCT 


GTC 


AAC 


GTA 








14 


269 


P82w43 






CA 


CCT 


GTC 


AAC 


GT 








13 


270 


P82w44 




CCT 


ACA 


CCT 


GTC 


AAC 










15 


271 


P82w45 




T 


ACG 


CCT 


GTC 


AAC 


AT 








15 


272 


P82w46 




CT 


ACG 


CCT 


GTC 


AAC 


AG 








15 


273 


P82m47 






ACA 


CCT 


TCC 


AAC 


ATA 








15 


274 
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Table 3 - Conl'd-8 

P82m50 ACA CCT ATC AAC ATA \i §76 

pSISm ? A CCT ATC AAC ATA AG \\ 

H ^ m52 CA CCT ATC AAC ATA atp 278 

P82m53 a CCT ATC AA*£ Jg Jf |JJ 

PsIwS? CCT GTC AAC ATA ATT \\ 22? 

P82w56 * CCT GTT AAC ATA ATT G \\ III 

llllll A CCT GTT AAC ATA ATG \l III 

llllU CCG GTC AAC ATA ATT \\ |!J 

P82w58 ACG CCT GTC AAC AT 84 



So „ CCT GTC AAT ATA ATT \\ |J| 

pSISll *S S CT GTC AAT ATA ATG \\ 

llllll ACA CCT GTC AAT ATA AG }| ?H 

P82m6^ ™ CCT GCC AAT ATA ATT 15 III 

P82m63 CA CCT GCC AAT ATA AG 2b9 



P82m64 CCT ACC AAT Pta V™ 15 29 ° 

P82.65 C6T ACC JJg GTA ATG g §g 

CA CCT ACC AAC GTA }J §92 

g ^ CCT TTC AAC GTA ATT 

I aS g £ JE s* 5 

D ft o w7 -5 CT GTC AAT ATA ATT G 15 oqq 

A CCT GTC AAT ATA ATT ^ 

f CCT ACG eg It T C ff «« " 

A CCT ACG CCT GTC AA^ ™ 

p82w7? A CCT ACG CCT GTC A 15 305 

p82w80 T ACA CCG GTC AAC A 14 306 

P82W81 CTACACcIgJcM } 4 307 

P 82w82 CCT ACA CCG GTC A J! ' 308 

llllll C J CCT GTC ^AC ATA A \\ f J* 

nr. * A CCT GTC AAC ATA AT Jf ^0 

; CT ACA CCT GTC AAC A It 31 * 

llllll ACA CCT GTC AAC AT Jf 312 

llllll CCT GTT AAC ATA ATT G " III 

Sfl?wR? CCT CTT AAC ATA AG JZ l}* 

llllll ACA CCT GTT AAC ATA AG \l ?" 

dsIwQI IS A CCT GTC AAC ATA Jf 3 ^ 

d82wQ9 ACA CCT GTC AAC ATA A it l^l 

llllll CA gg G ? G AAC ATA AT ^ | 

P82w 9 4 a C C C C T T g S 2S g ||? 

SSiSS CCT ACA §g gg ^ ™ *" G " 322 

P 8 2w97 m ™ JJ„ , m 14 323 

P82W98 J G ^ ATA ATT GG 15 3 24 



T GTC AAC ATA ATT GGA 16 



325 
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Table 3 - Cont'd-9 



p82m99 




ACA 


CCT 


TTC 


p82ml00 


T 


ACA 


CCT 


TTC 


p82ml01 




ACA 


CCT 


ATC 


P82ml02 




ACA 


CCT 


ATC 


p82ml03 




CA 


CCT 


GCC 


p82ml04 




ACA 


CCT 


GCC 


p82ml05 




ACG 


CCC 


TTC 


p82ml06 




CG 


CCC 


TTC 


p82ml07 


T 


ACG 


CCC 


TTC 


p82wl08 


CT 


ACA 


CCG 


GTC 


p82wl09 


CCT 


ACA 


CCG 


GTC 


p82wll0 




A 


CCG 


GTC 


p82wlll 




A 


CCG 


GTC 


p82wll2 


CT 


ACA 


CCA 


GTC 


p82wll3 


CT 


ACA 


CCA 


GTC 


p82wll4 




ACA 


CCA 


GTC 


p82wll5 




ACA 


CCA 


GTC 


p82wll6 


T 


ACG 


CCT 


GTC 


p82wll7 




ACG 


CCT 


GTC 


p82wll8 


T 


ACG 


CCT 


GTC 


p82mll9 


CCT 


ACA 


CCT 


TTC 


p82ml20 


CT 


ACA 


CCT 


TTC 


p82ml21 


A CCT 


ACA 


CCT 


TTC 


p82wl22 




ACG 


CCT 


GTC 


P 82wl23 


T 


ACG 


CCT 


GTC 


p82wl24 




CG 


CCT 


GTC 


p82ml25 


T 


ACA 


CCT 


TTC 


p82ml26 




ACA 


CCT 


TTC 


p82ml27 




CA 


CCT 


TTC 


p82ml28 




A 


CCT 


TTC 


p82ol29 








C 


p82ol30 








C 



AAC 


ATA 


A 






16 


326 


AAC 


ATA 








16 


327 


AAC 


ATA 


ATG 






17 


328 


AAC 


ATA 


AG 






16 


329 


AAT 


ATA 


ATG 






16 


330 


AAT 


ATA 


AG 






16 


331 


AAC 


ATA 








15 


332 


AAC 


ATA 


AG 






15 


333 


AAC 


AT 








15 


334 


AAC 










14 


335 


AA 










14 


336 


AAC 


ATA 


ATG 






15 


337 


AAC 


ATA 


ATT 






16 


338 


AAC 










14 


339 


AAC 


A 








15 


340 


AAC 


ATA 








15 


341 


AAC 


ATA 


AG 






16 


342 


AAC 


AT 








15 


343 


AAC 


ATA 








15 


344 


AAC 


A 








14 


345 


AAC 










15 


346 


AAC 










14 


347 


AA 










15 


348 


AAC 


ATA 


AGG 






16 


349 


AAC 


ATA 








16 


350 


AAC 


ATA 


AGG 






15 


351 


AAC 


GTA 








16 


352 


AAC 


GTA 


AGG 






16 


353 


AAC 


GTA 


ATG 






16 


354 


AAC 


GTA 


ATT 






16 


355 


AAC 


GTA 


ATT 


GGA 


AGA 


16 


356 


AAC 


GTA 


ATT 


GGA 


AG 


15 


357 



L 
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Table 3 - Cont'd-10 



86 87 88 89 90 91 92 93 94 lenath Sea in 
GGA AG A AAT CTG TTG ACT CAG ATT GGT 9 9 

p 90wl A AAT CTG TTG ACT CAG 

p 90w2 GA AAT CTG TTG ACT CAG 

P90w3 GA AAT CTG TTG ACT CAG AGG 

p90w4 A AAT CTG TTG ACT CAG AGG 

P90w5 AGA AAT CTG TTG ACT CAG AGG 

P90w6 AGA AAT CTG TTG ACT CAG ATG 

P90w7 AGA AAT CTG TTG ACT CAG ATT 

P90w8 AGA AAT CTG TTG ACT CAG ATTGG 

P90w9 GA AGA AAT CTG TTG ACT CAG AGG 

P90wl0 A AGA AAT CTG TTG ACT CAG ATG 

P90mll AGA AAT CTG ATG ACT CAG ATG 

P 90ml 2 AGA AAT CTG ATG ACT CAG ATT 

P 9 0ml 3 A AGA AAT CTG ATG ACT CAG AGG 

P90ml4 ' GA AGA AAT CTG ATG ACT CAG AGG 

P90ml5 A AGA AAT CTG ATG ACT CAG ATG 

P 90ml 6 GA AGA AAT CTG ATG ACT CAG ATT 

P 9 0ml 7 GGA AGA AAT CTG ATG ACT CAG 

P90ml8 A AGA AAT CTG ATG ACT CAG 

P 9 0ml 9 A AAT CTG ATG ACT CAG ATT 

P90m20 A AAT CTG ATG ACT CAG ATT G 

P90m21 A AAT CTG ATG ACT CAG CTT G 

P90m22 A AAT CTG ATG ACT CAG CTT 

P90m23 AAT CTG ATG ACT CAG CTT 

P90w24 A AAT CTG TTG ACT CAG CTT 

P90w25 A AAT CTG TTG ACT CAG CTT 

P90w2 6 AAT CTG TTG ACT CAG CTT G 

P90w27 AAT CTG TTG ACT CA 

P90w28 AAT CTG TTG ACT CAG 

P90w29 A AAT CTG TTG ACT CA 

P90w30 A AAT CTG TTG ACT CAG 

P90m31 AAT CTG ATG ACT CA 

P90m32 AAT CTG ATG ACT CAG 

P90m33 A AAT CTG ATG ACT CA 

P90m34 A AAT CTG ATG ACT CAG 

P90w35 GA AAT CTG TTG ACT C 

P90w36 GA ACT CTG TTG ACT C 

P90w37 T CTG TTG ACT CAG ATG 

P90w38 GA AAT CTG TTG ACT C 

P90w39 GA ACT CTG TTG ACT C 

P90w40 A AAT CTG TTG ACT CA 

P90w41 AAT CTG TTG ACT CAG 

P90m42 AAT CTG ATG ACT CAG 

P90m43 A AAT CTG ATG ACT CA 

P9 0w44 AT CTG TTG ACT CAG AG 

P9 °w45 CTG TTG ACT CAG ATT 

P90w4 6 AGA AAT CTG TTG ACT 

P90m47 AT CTG ATG ACT CAG AG 



GG 



G 
G 



16 


358 


17 


359 


18 


360 


17 


361 


19 


362 


20 


363 


21 


364 


20 


365 


21 


366 


21 


367 


20 


368 


21 


369 


20 


370 


21 


371 


21 


372 


20 


373 


21 


374 


19 


375 


21 


376 


20 


377 


20 


378 


19 


379 


18 


380 


20 


381 


19 


382 


19 


383 


14 


384 


15 


385 


15 


386 


16 


387 


14 


388 


15 


389 


15 


390 


16 


391 


15 


392 


15 


393 


15 


394 


15 


395 


15 


396 


15 


397 


15 


398 


15 


399 


15 


400 


15 


401 


15 


402 


15 


403 


15 


404 
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Table3-Cont'd-ll 



P90m48 
P90m49 
P90w50 
P90w51 
P90w52 
P90w53 
P90w54 
P90w55 
P90m56 
P90m57 
P90w58 
P90w59 
P90w60 
P90w61 
P90m62 
P90m63 
P90w64 
P90w65 
P90w66 
P90w67 
,P90w68 
P90w69 
p90w70 
p90w71 
p90w72 
p90w73 
p90w74 
p90w75 
p90w76 
p90w77 
p90w78 
p90w79 
p90w80 
p90w81 
p90m82 
p90m83 
p90m84 
p90m85 
p90m86 
p90m87 
P90w88 
P90w89 
p90w90 
p90wl00 
p90m92 
p90m93 
p90m94 
p90m95 
p90m96 



PTP, ATP ACT 


CAG 


ATT 

Ji X X 




15 


405 


APA AAT PTP. ATP APT 
AbA AMI ^lb niO nv^i 


PA 






17 


406 


AAT ATP TTP APT 


PAG 






15 


407 


PA AAT ATP TTfl APT 
bA AA 1 ftlu Ho ri^ 1 


PA 






16 

X \J 


408 


AAT TTP TTP APT 


PAP, 






15 


409 


PA AAT TTP TTP APT 
bn /iri 1 lib 1 1 vj r\\~* x 


PA 






16 

X \J 


410 


AAT ATP. TTP. APP 


PAP 






15 

X. +J 


411 


A AAT ATP TTP, APP 
A AAi nib llo /^v^v^ 


PA 






15 

X. sj 


412 


AAT ATP ATP APP 
nnl nlo Alb nL^ 


PAP 








413 

"3 X. -J 


7\ p 7\ p tvtp ATP 7\pr» 
A bAb Alb Alb Abb 


PA 
bA 






1 R 


414 

*J X. *1 


AAC ATG lib Ab 1 


PAP 
bAb 








41 S 


TV 7\ 7\ O 7\ rpp mmp 7\PT 

A AAC ATG lib Ab 1 


PAP 
bAb 






1 ^ 
J. D 


416 
no 


rp /~> rp rp /"» 7\ P T 

lb lib AL 1 


PAP 
bAb 


PTT 
bl 1 






41 "7 

H X r 


f»TP rpnn /-<■ 7\ P r P 

bib lib Ab 1 


PAP 
bAb 


PTP 
bib 




1 A 


41ft 
*> X o 


CT ATb Abl 


P7\ P 

bAb 


PTT 
bl 1 






4 1 Q 


pmp 7\ rp/""» 7V P T 

bib Alb Ab 1 


PAP 

bAb 


P— P 

b b 






490 

*i ^ U 


rp f~* "APT 7\P7\ 

TG Abl AbA 


PAP 

bAb 


PTT 
bl 1 




1 A 
It 


491 

*4 ^ X 


nmp TTP APA 

bib lib AbA 


PAP 
bAb 


P— P 
b~b 






499 


TV TV m rirno mrpp 7\P7\ 

AAT CTG TTb AbA 


PAP 

bAb 








49 ^ 


tv TV /""» ^ rp /■*• rp rp z™' 7\ /""* rp 

AAC CTG 1 xG Abl 


P7V 

bA 






1 J 


494 

ft Z 4 


t» t\ *m /^i rn rp m "A ^*rp 

A AAC CTG TTG ACT 


C 






X J 


4 9 ^ 
4Z D 


GA AAC CTG TTG ACT 










496 


TG TTG ACT 


P7V p 
CAG 


7V rprp 
ATT 


b 


ID 


497 
4Z / 


TG TTG ACT 


P7\ p 
CAG 


7V rprp 
ATI 


ppp 
bbb 


XD 


49ft 
4 Z 0 


G TTG ACT 


P 7\ P 

bAb 


7\ rprp 
Al 1 


ppp 
bbb 


XD 


4 9 Q 
4 Z 7 


m/> mrn O 7\ P 7\ 

TG TTG ACA 


P 7\ P 

CAb 


PTT 
bl 1 


p 
b 


1 cl 
XD 


4 J U 


/-* rp rn rp r-» 7VP7V 

CTG TTb AbA 


P 7\ P 

bAb 


PTT 
bl 1 




1 E\ 

XD 


4^1 
4 D X 


P TTP 7\ P A 

b lib AbA 


PAP 
bAb 


PTT 
b 1 1 


ppp 
bbb 


X o 


4^2 


rr\r* TTP 7\PT 
lb lib Abl 


PAP 
bAb 


PTT 
bl 1 


p 
b 


1 S 

XD 


4^^ 

4 «J J 


P TTP APT 

b lib Abl 


PAP 
bAb 


ATP 
Alb 




1 ^ 
X D 


4^4 


P TTP APT 

b lib Ab 1 


PAP 
bAb 


PTT 
bl 1 


p 
b 


X *± 


4^S 

4 ^ *J 


TP TTP APP 

lb lib Abb 


PAP 
bAb 


ATT 
Ai 1 


p 
b 


X D 


4^6 

1 JO 


G TTG Abb 


P 7V P 

bAb 


A TT 
Al 1 


p 
b 


1 A 
X ft 


4 ^7 
4 D / 


/-» rprp/-» 7\PP 

b lib Abb 


PAP 

bAb 


ATT 
Al 1 


PPP 
bbb 


1 R 
XD 


4^ft 

T JO 


TP 7\TP APT 

lb Alb Abl 


PAP 

bAb 


A TT 
Al 1 


p 
b 


X D 


4 ?Q 

4 <J -7 


TP ATP APT 
lb Alb rib 1 


PAP 
brib 


ATT 
ril 1 


ppp 
bbb . 


X u 


440 

■a i w 


G ATG ACT 


CAG 


ATT 


GGG 


15 


441 


G ATG ACT 


CAG 


ATT 


GGT 


16 


442 


CTG ATG ACT 


CAG 


CTT 




15 


443 


TG ATG ACT 


CAG 


CTT 


G 


15 


444 


A AAT CTG TTG ACT 


CA 






15 


445 


A AAT CTG TTG ACT 


CA 






15 


44 6 


A AAT CTG TTG ACT 


CA 






15 


447 


AAT CTG ATG ACT 


CAG 






15 


448 


A AAT CTG ATG ACT 


CA 






16 


449 


GA AAT CTG ATG ACT 


C 






15 


450 


CTG ATG ACT 


CAG . 


ATG 




15 


451 


AGA AAT ATG ATG 








15 


452 


A AGA AAT ATG ATG ACT 








16 


453 
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Table 3 - Cont 



p90m97 


A 


AGA 


AAT 


CTG 


ATG 


ACT 


p90m98 


A 


AGA 


AAT 


ATA 


ATG 


ACT 


p90m99 




A 


AAT 


ATA 


ATG 


ACT 


p90ml00 






AAT 


ATG 


ATG 


ACC 


p90ml01 






AAC 


CTG 


ATG 


ACT 


p90ml02 




AGA 


AAT 


TTG 


ATG 


ACT 


p90ml03 




A 


AAT 


TTG 


ATG 


ACT 


p90ml04 






AC 


CTG 


ATG 


ACT 


p90ml05 






AAT 


CTG 


ATG 


ACT 


p90ml06 






AT 


CTG 


ATG 


ACT 


p90ml07 






AT 


CTG 


ATG 


ACT 


p90ml08 








CTG 


ATG 


ACT 


p90ml09 




AGA 


AAT 


CTG 


ATG 


ACT 


p90mll0 




AGA 


AAT 


CTG 


ATG 


ACT 


p90mlll 


GA 


AGA 


AAT 


CTG 


ATG 


A 


p90mll2 


GGA 


AGA 


AAT 


CTG 


ATG 


A 


p90mll3 


GA 


AGA 


AAT 


CTG 


ATG 


AC 


p90mll4 




AGA 


AAT 


CTG 


ATG 


AC 


p90wll5 






AAT 


CTG 


TTA 


ACT 


p90wll6 






T 


CTG 


TTA 


ACT 


p90wll7 






AT 


CTG. 


TTA 


ACT 


p90wll8 




AGA 


AAT 


TTG 


TTG 


ACT 


p90wll9 




GA 


AAT 


TTG 


TTG 


ACT 


p90wl20 






AAT 


TTG 


TTG 


ACT 
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HDD 


CAG 




X 0 


A C 
4 00 


CAG 
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Id 


j Co 

458 






16 


459 


-Til K3 




16 


460 






14 


461 




•a 
ri 


16 
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A1G 


16 


463 






1 A 

14 


464 


CAG 


ATT G 


16 


465 


c ■ 




16 


466 






15 


467 






15 


468 






16 


469 






16 


470 






14 


471 


CAG 




15 


472 


CAG 


ATT 


16 


473 


CAG 


AG 


15 


474 






16 


475 


C 




15 


476 


CAG 




15 


477 
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Table 6 



p30 


USA 


France 


U.K. 


Brazil 


Spain 


Luxemb . 


Belgium 


w25 


98.9 


99.4 


88.9 


98.3 


94.3 


100.0 


97.0 


w29 


2.5 


0.6 


0.0 


1.7 


0.0 


0.0 


0.0 


w32 


3.3 


0.6 


5.6 


5.2 


5.7 


6.7 


1.5 


w36 


2.5 


0.0 


0.0 


3.4 


0.0 


0 . 0 


1 . 0 




3 1 


0.0 


0.0 


0.0 


0.0 


0.0 


1.0 


iiey • 


0 . 6 


0.6 


5.6 


0.0 


0.0 


0.0 


1.0 


r>4 6/48 


USA 


France 


U.K. 


Brazil 


Spain 


Luxemb. 


Belgium 


wd7 


94 2 


80.5 


83.3 


89.7 


97.1 


73.3 


82.9 


w45 


8.6 


15.6 


0.0 


. 1.7 


5.7 


6.7 


11.1 


w72 


4.2 


0.0 


16.7 


0.0 


2 . 9 


13.3 


5. 0 


Ulf* J. 


0 0 


0.0 


0.0 


10. 3 


0.0 


13.3 


1.0 


neg • 


9 ft 


4 5 


0.0 


0.0 


0.0 


0.0 


2.5 


pou 


U On 




U.K. 


Brazil 


Spain 


Luxemb. 


Belgium 


..Ol 

WJ 1 


y D • ** 


Q7 4 


100 . 0 


96. 6 


100.0 


100.0 


96.5 




1 7 


0 6 


0.0 


1.7 


0.0 


0.0 


1.0 


WDZ 


inn 

X U • u 


4 5 


0 . 0 


1.7 


2.9 


6.7 


9.0 


"7 

mo / 


Z • o 




0.0 


1.7 


0.0 


6.7 


0.5 


neg • 


J.J. 


2 6 


0.0 


3.4 


0.0 


0.0 


1.5 


poi 




no jil-c 


U.K. 


Brazil 


Spain 


Luxemb . 


Belgium 


w34 


96.9 


82.5 


97.2 


87.9 


100.0 


53.3 


89.4 


w3 


84.7 


77.9 


94.4 


69.0 


82.9 


46.7 


76.9 


W X 4 




5.8 


0.0 


3.4 


11.4 


0.0 


6.5 




_? • z. 


2 6 


0.0 


1.7 


2.9 


6.7 . 


5.5 




z, . o 


10 4 


0.0 


0.0 


5.7 


0.0 


2.5 




0 0 


1.3 


0.0 


0.0 


0.0 


0.0 


0.0 




n o 


1 9 


0.0 


0.0 


0.0 


0.0 


0.5 


moo 


o n 


0 0 


0.0 


0.0 


0.0 


13.3 


0.5 


ITU D 


1 1 


0 0 


2.8 


6.9 


0.0 


46.7 


3.0 


mo / 


0 0 


0 . 0 


0.0 


0.0 


0.0 


13.3 


0.0 


neg. 


0.6 


1.3 


0.0 


1.7 


0.0 


0.0 


2.0 


p82/84 


USA 


France 


- U.K. 


Brazil 


Spain 


Luxemb. 


Belgium 


w91 


91.6 


93.5 


94.4 


77.6 


100.0 


73.3 
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pc82m40 ACA CCT GCC AAC ata 

pc82m63 C A CCT GCC AAT MA Ar 44 15 2 ^ 

pc 2,36 ACA CCT ACC AAC ATA 42 " "0 
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CLAIMS 

5 1. Method for determining the susceptibility to antiviral drugs of HTV viruses in a biological 
sample, with said method comprising: 

a) if need be, releasing, isolating or concentrating the polynucleic acids present in the 
sample; 

b) if need be amplifying the relevant part of the protease gene of HIV with at least one 
10 suitable primer pair; 

c) hybridizing the polynucleic acids of step a) or b) with at least one of the following 
probes: 

probes specifically hybridizing to a target sequence comprising codon 30; 

probes specifically hybridizing to a target sequence comprising codon 46 and/or 48; 
15 probes specifically hybridizing to a target sequence comprising codon 50; 

probes specifically hybridizing to a target sequence comprising codon 54; 

probes specifically hybridizing to a target sequence comprising codon 82 and/or 84; 

probes specifically hybridizing to a target sequence comprising codon 90; 

or the complement of said probes: 
20 further characterized in that said probes specifically hybridize to any of the target sequences 

presented in figure 1, or to the complement of said target sequences; 

d) inferring from the result of step c) whether or not a mutation giving rise to drug resistance 
is present in any of said target sequences. 

25 2. Method according to claim 1, further characterized in that said polynucleic acids of step a) or 
b) hybridize with at least two of the said probes, or to the complement of said probes . 

3. Method according to claim 2, further characterized in that said probes are chosen from the 
following list: seq id no 7 to seq id no 477, seq id no 5 10 to seq id no 5 19 or the complement of 

30 said probes. 

4. Method according to any of claims 1 to 3, further characterized in that said primer pair is chosen 
from the following primers: seq id no 3, seq id no 503, seq id no 504, seq id no 4, seq id no 506, 
seq id no 507, seq id no 508 and seq id no 509. 



35 



5. Method according to any of claims 1 to 3, further characterized in that: 
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step b) comprises amplifying a fragment of the protease gene with at least one S'-primer 
specially hybridizing to a target sequence located at nucleotide position 210 to 260 of the 
protease gene, in combination with at least one suitable 3'-primer, and 
step c) comprises hybridizing the polynucleic acids of step a) or b) with at least one of the probes 
specifically hybridizing to a target sequence oxit^J^ comprising codon % 

Method according to any of claims 1 to 3, further characterized in thai- 
step b) comprises amplifying a fragment of the protease gene with at least one 3'-primer 
specially hybridizing to a target sequence located at nucleotide Ji3 mm2S 1I ^ m u l 
EosiUonJOQ, ,n combination with at least one suitable S'-primer and 
stepc)compris^ 

specifically hybridizing to a target sequence or its comnl™™* . 

46, 48, 50, 52, 54, 82 and 84. M «^^ s ,„ 8 ^ ofc(rfons 3 0 , 

Method according ,„ data 5, further oharac.ari.ed to ,ha. the 5^-prtac is id 5 and the 3'- 
pnmer ,s one primer or a combinadon of primers choaen mom to followil , g ^ jd 
4, seq id no 506, sen id no 507, seq id no 508 and set. id no 509. 

Method according ,o claim 6, narther characterized in tha, the a'-primer is one primer or a 

:^ mCTSCh0SCTf ™* ef *^^«^«»»3, saqidno503.se, id no 
504 and the 3'-pnmer is seq id no 6. 

A probe as defined in any of claims 1 to 3 for u«» ;« a n^u^A e j . 

4 t . . , J USe m a method for determining the susceptibility 

to antiviral drugs of HIV viruses in a biological sample. 

Anucleicacidcomprisinganucleotide sequence represented by any of the following SEQ ID 

numbers:SEQIDNO478,SEQIDNO479,SEQIDNO480,SEQIDNO481 SEQ ID NO 
~»N0483^ 

SEQIDNO488,SEQIDNO489,SE Q IDNO490,SE Q IDNO49 1 ,SE Q mNO492 S^ 

IDN0493,SE Q mN0494,SE Q mN0495,SEQI DN 0496,SE Q mN0497 SE Q mNO 
498, SEQ ID NO 499 and SEQ ID NO 500; 9 

orafragment thereof, wherein said fragment consists of at least two contiguous nucleotides and 
contains at least one polymorphic nucleotide. 

to antmra! drugs of HIV viruses in a biological sample. 
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A diagnostic kit enabling a method for determining the susceptibility to antiviral drugs of HTV 
viruses in a biological sample, with said kit comprising: 

a) when appropriate, a means for releasing, isolating or concentrating the polynucleic acids 
present in said sample; 

b) when appropriate, at least one of the primers of any of claims 4 to 6; 

c) at least one of the probes of any of claims 1 to 3, possibly fixed to a solid support; 

d) a hybridization buffer, or components necessary for producing said buffer; 

e) a wash solution, or components necessary for producing said solution; 

f) when appropriate, a means for detecting the hybrids resulting from the preceding 
hybridization; 

h) when appropriate, a means for attaching said probe to a solid support 
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Figure 1 
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Figure 1 - Cont'd 



Codon 82/84 



78 79 80 81 82 83 84 85. 86 87 

GGA CCT ACA CCT GTC AAC ATA ATT GGA AGA 

AT G T C G G 

G T C A' T G 

G A C GG 

T C 

AC 

TC 



Codon 90 



86 


87 


88 


89 


90 


91 


92 


93 


94 


GGA 


AGA 


AAT 


CTG 


TTG 


ACT 


CAG 


ATT 


GGT 




C 


C 


A 


A 


C 


A 


C 


G 




A 


C 


T 


C 


A 


A 


G 


C 




G 




C 

A 
A A 


A 
AA 






G 
A 
GG 


A 



C G 



WO 99/67428 



3/21 



PCT/EP99/04317 



C C 

8 8 

Erg. 
8 <o 




o 



o 

CO 

Q 

o 
co 
Q 

o 

CO 

Q 

o 

CO 

Q 



< 
£ 

DA 

s 



ID 0> CM CO CO 
* ^ 5 5 E 



WO 99/67428 



4/21 



PCT7EP99/04317 



im 



r 





CO 


00 












> 




CD 


CO 










1— 1 


o 








CO 


CO 


CO 








£ 




o 


s 








CO 


CO 












o 





N lO CM r- 



WO 99/67428 



5/21 



PCT/EP99/04317 





it ; „ r 








mm 


1 P 








II 






m 


i i 


I J 


coni. cont. — 
ampl. cont — 




S 



WO 99/67428 



PCT/EP99/04317 



6/21 



r 



II 



mm 



> 



2 

3 



-I hH 



J » 



J m 




a 



1 



WO 99/67428 



PCT/EP99/04317 



7/21 



111' II 


[»•-■»■ MS. 1 


11 1 


M II 






IWSS»lgi -li HIi««iS»c' 1 | 1 




^MSiK^^^tl^^ 1 11 




¥\ II 






if:' imw% 


m umwmmmmi i ■ i 




f II 


















l II 


■km? i ?i 





EL 
EE 







W 1 






life- B^JI? -41 * 




< i i i 



CM 
GO 



CM 

CM 
CO 
< 

CM 
CO 



CM 
CO 



CM 
CO 



CM 
CO 



CM 
CO 



CM 
CO 



CO 



CO 



CO 



CO 



CO 



CO 



CO 



5 



I 



I- I'*'-- .fv- 



I 



CM 
CO 

> 

CM 
CO 



CM 
CO 
> 

CM 



CO 

CO U 

HH 9 

CO w 




,: - >- ' - M | | co co 





■ ■ i i i i i 

■ • i • i • i 

■ i i i CD i CD 


i i 
i i 
i i 


■ i i i 
i i i i c 
CD ... O 


coo 


» I — i t i • i 
■ i i i i i i 
i i t i i i i 


i i 
i i 
i i 


• i *- i 

i i i i c 

1 1 1 1 8 


CMO 
00K 
CD 


« i i i i i 
i i i i • oo 
^ ^ l_ 


i i 
i i 


ilia 

i oo ■ 
h- 1 1 < 


T-l- 

00O 
O 


i i CD ■ ■ « i 
i i i i i i i 
■ i i i i i i 


» O 
i i 
i i 


1 1 1 1 
1 1 1 1 
1 1 1 1 



^S T 'SS!SS' s * ooocv 'ocoo 
ajco-r-qg^eococoi-^^coi- 



WO 99/67428 



PCT/EP99/04317 



8/21 



IDE 



O 



8 



o 

3 

o 

3 

O 
CD 
—I 

O 

CD 

O 

3 

o 



o 



1-H 

0)0 

oo 

0)1- 
I- 

oo 

O 
COh- 



<l- 



<o • o 



o • 



<< 



• < 



NN0)OCM0)C00)C0(0 



WO 99/67428 



PCT/EP99/04317 



9/21 



o o 




WO 99/67428 



10/21 



PCT/EP99/04317 



Figure 4A 
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Figure 4C 
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Figure 4D 
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Figure 4E 
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Figure 5A 
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Figure 5B 




WO 99/67428 PCT/EP99/04317 

18/21 



Figure 5C 
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Figure 5D 
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Figure 5E 
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